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PREFACE 
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1^ INTRODUCTION 


This report presents the results of the analysis of the research and technology 
potential of a generic type of manned spaceplane as a military research vehicle. A 
specific spaceplane configuration, termed the Space Cruiser, is configured herein to be 
capable in the near*term of fuU-en/elope cislunar (Eartlwnoon space), transatmospheric, 
and endoatmospheric flight research. Figure 1 depicts the Space Cruiser in high orbit. 
The underlying question is: "Should the Space Cruiser be developed and used as a research 
vehicle?" The analysis addressed this fundamental question. 

The study assumed the criterion that a space-cwable research vehicle < fr »f i gne d for 
an important but limited e:q)erimental scope, such as flight control and aerodynamics 
would not be justified. This criterion results in the requirement for the re^arch vehicle 
to serve a broad range of beneficiaries and to perform, and to carry payloads tftat 
perform, over as broad a scope of research and technology as possible. Beneficiaries 
would include the Department of Defense, aero^Mice industry, national laboratories, 
commercial industry, insurers, and others. The scope of research and technology would 
include man>in-space, space operations, internal payloads, external preloads, vdticidar 
subsystems, aerothermodynamics, materials and others. Further, shaiing the cost of 
space system development and operations is rapidly becoming the economic and poUtIcal 
standard. It is likely that if the Air Force were to sponsor such a research vdticie the 
cost-sharing would be far greater than existed during the predecessor X-15 manned 
research aircraft program. The primary emphasis during the configuration analysis 

portion of the study therefore was to configure the Space Cruiser, the overall system, and 

its operations to accomplish as many tasks or missions as possible. In this context the 
reader wUl find the term omnimission used throughout the report. To help identify and 
define such research and technology tasks and to evaluate the scope, utility and value of 
the Space Cruiser as a research vehicle a nationwide survey was conducted and is 
reported. ^ 

Tasks of a Spaceplane Technology and Research (STAR) flight program would apply to 
aU future manned space vehicles, the Space Shuttle, unmanned space vehicles, 
structures ai^ transatmospheric and hypersonic vdiicles. Small, responsive, versatUe, 
high-performance, and permitting an operational risk level more appropriate to the 
military than to NASA, the research vehicle would both complement and greatly extend 
the Space Shuttle capabilities. Its smaU size and light weight assure that it need only 
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occupy a small portion of the volume and weight<carrying capability of the Shuttle's 
Ort>iter and that its cost-to-orbit as a manned vehicle will be minimized. Its conflgura* 
tlon also enables it to be launched by e:<pendable launch vehicles such as the three-stage 
MX booster stadc. 

b) addition to ^ research and other tedinojpgy questions pertinent to hardware and 
performance associated with space vehicles, there are other appropriate or vital questions 
whose answers are expected from the STAR research fll^t test program. Paramount 
among these is the national question of the value of military man in space. The "hands- 
on" experience and evaluation of man in space in the small, ubiquitous spaceplane siwuld 
provide the answers required prior to major system acquisition of such maimed space 
vehicles and complement tiie answers being obtained from the Shuttle program for the 
large, logistic, and space station type vehicles. 

The Shuttle b now used as an operational system. Department of Defense i^ace 
biotechnology R&D has become a rebtively low priority within NASA. The iUr Forced 
Aerospace Medical Division (AMD) has been tasked by several direi^ves to explore 
military utility of man-in-space and exploit maiA unique capabilities in ediandr^ 
miUtary space systems. The resultant MUitary Space Biotechnology RftD program wvers 
exploratory a;d advanced development mas. Though ^e Air Force has been careful to 
coordinate its program closely with the NASA Life Sciences program in order to avoid 
redundancy, tapping into the NASA system has been frought wito probleiro of coordina- 
tion, differences in priorities and the fact ^ NASA has its own R&D pr^qgr^ to 
consider. It b believed toat the DoD needs a vehtete ydUch wUl pro^de a maimed orbital 
pbtform for exploring man's military utility in orbit. Unless the DoD b given the tools, 
the job will not be done. AMD personnel, have stated (/^ipendix B) that the "!^»ace Cruiser 
fiUsthebiU." 

The Defensive Technologies Study of the Strategic Defense Initiative (SDO identified 
research programs for "a capability to service the space components and an ability to 
transfer items from one orbit to another." The Space Cruiser system b detigned for the 
highest payload-velocity product that technology itill allow in a maimed vehicle. It may 
fulfill the SDI needs well. 

The recoct begins in Section 2.0 with a summary in DARPA format of the work 
performed, its objectives, the problem addressed and the general methodotogy used b 
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performing the effort. Technical results, findings, special comments and implications for 
further research complete the summary. 

The main body of the report begins in Section 3.0 with a brief presentatim of the 
background of the Space Cruiser. The genwic spaceplane was generated as the solution to 
military problems. The problems and needs are delineated and the resultant high 
performance spaceplane or Space Cruiser is presented. This vehicle was used as the input 
configuration to the study. 

J 

Section 4.0 presents the results of the survey for research and tedmology tasks for 
the Space Cruiser. Example letter responses are contained in Appendix B. The analysis of 
the application of the Space Cruiser as a researd) vehicle begins in Section 5.0 with a 
discussion of the linkage of the configuration to the results of the survey and to other 
tasks considered during the study. The conceptual-design logic and the opo’ational and 
design requirements that result are pre s ented. The performance of the Space Cruiser as a 
vehicle and in the overall system configuration context with its launch vehicle options and 
external propulsion i» presented quantitatively in Section 6.0. Section 7.0 examines the 
developmental and research planning options and makes recommendations. Space 
operations are presented from a functional viewpoint, including an overall functional 
system block diagram. Cost estimates are discussed in Section 8.0. 

Conclusions and recommendations are presented in Section 9.0 and 10.0 req>ectively. 
References are provided in Appendix A. The survey letter with representative responses 
comprise Appendix B. An explanation of the principal dumges to adapt tite Titan 11I-34D 
rocket engine for use on an air-launched launch vehicle presented in Section 6.0 is given in 
Appendix C. Definitions of abbreviations and acronyms are listed in Appendix D. 
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2J0 SUMMARY 


2.1 TASKOUECnVES 

The overall task was to perform a research and technology planning effort that 
would produce a preUmlnary program plan for the development and use of the high* 
performance manned spaceplane or Space Cruiser as a military research aircraft. 
The Space Cruiser was to be configured tor the research appUcailon as deemed 
necessary relative to its prior configurations. Configuration changes would as an 
objective retain and facilitate the cation of its use as an operational military 
spaceplane. 

2.2 TECHNICAL PROBLEM 

There were two principal technical problems in the study. The first was to 
search for and evaluate potential research and technology tasks suitable for 
accomplishment by the Space Cruiser as a research vehicle. The iwcohd problem 
was to determine the overall system configiratioh and the per f or m ai^ of Rte 
Space Cruiser as a total system. The correlation of the two probl^^ovided the 
best measure avaUable of the justification of the research vehicle 'and formed the 
basb for research vehicle program planning. 

2J GENERAL METHODOLOGY 

A survey letter was prepared that explained the basb of ^ request for 
information, described the Space Cruiser, provided a representative ^ormance 
specification lor the vehicle system and prwided an optional response format. The 
letter was sent to industry, the miUtary, national laboratories, etc. The survey b 
discussed in Section 4.0. The survey letter and a cross^ection of resfwnses are 
provided in Appendix B. 

The logic that results In the generic Space Cruiser configuration was 
developed. The principal motivation was to d>tain the g re a te st degree of 
versatility and performance in as many tasks or mbslora as pos^le. The logic 
resulted In the operational and conceptual design requirements, which were then 
transformed into the specific configuration. Chan^ were made In the vehicle, 
rebtive to prior conf^pvations, which improved its performance dramatically. 
Launch vehicle options were examined and overall system performance determined. 
The primary measure of performance for evaluation or figure of merit was 
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determined to be the payload>veloeity product. The logic and develc^ment of 
system performance are presented in Sections 5.0 and 6.0 respectively. 

Options for fli^t testing the researdi vehicle were considered and recom- 
mendations made. Finally, vehicular costs were estimated based on historical data 
with emphasis on the highly successful X-15 manned research aircraft. 

2A TECHNICAL RESULTS 

Thirty-six responses were received to the survey letter with 60 distinct ta^ 
or experiments. There was a surprising lack of dupUcation in the experiments 
recommended, which reflects the diversity of the needs of the respondents. 

The STAR manned Space Cruiser is estimated to have a maximum velocity of 
8,700 4>s with internal propellants and no payload. The velocity with a 500 Ibm 
payload is 8,075 Qm. Use of the wide-body Centaur as a propulsion module with a 
single RL-10 Derivative-IIB engine will provide approximately 20,741 ^ to the 
Space Cruiser loaded with sufficient propellant te add 8,700 f^ after staging the 
Centaur. Options for external carry or push of payload with/without external 
propellant or a propulsion module such as the Centaur make the Cruiser a versatile, 
high payload-velocity vehicle. It is capable of landing autonomously at austere, 
helicopter-suitable sites. 

2.5 IMPORTANT PlNDIhKIS AND CONCLUSIONS 

The Space Cruiser to a high payload-velocity performance spaceplane capable 
of research and military ta^ throughout cislunar (Earth-moon) space. The survey 
brought forth a broad range of potential beneficiaries. The survey also showed the 
broad scope and depth of research and technology tasks of value to those surveyed. 
The higjh potential for a valuable, research program to dear. The Space Cruiser 
can go to any orbit, has endurance, carries internal payloads, carries unlimited 
payload extemaUy, can maneuver synergisticaUy and lands with a flying parachute 
or Parafoil. 

The Aerospace Medical Division (AMO) has need of a space vehicle with the 
performance of the ^>aoe Cruiser for carrying out its military man-in-space 
responsibilities. The Space Cruiser will also meet Strategic Defense biitiative 
needs for on-orbit capabUity at aU altitudes for ballistic mtosUe defense system 
R&O and for stibsequent operational tasks. 

The cost estimate for the manned Space Cruiser R8tD Program to best 
compared to the manned X-15 Program. Actual cost of 27 X-15 flights in 1964 was 
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about $2M (1984$) for each flight. This cost seems conservative for the Space 
Cruiser less launch vehicle cost, considering all available data and assumii^ a 
comparable number of flights. An accurate costing will not be fully estimable until 
the STAR Program is initiated and the return on investment from internal and 
external 'Jl&D payloads, repair of satellites, a space rescue, and other ^aee 
operations is calculated. 

Z6 SPECIAL COMMENTS 

The limits on available funding resources, the advances in technologies 
required, the major system acquisition process and political constraints create 
problems for procurement in the near-term of ^ relatively large trans- 
atmospheric vehicles. Therefore, in this specif context it seems particular^ 
appropriate to suggest that the Air Force consider the procurement and operation 
of the Space Cruiser as a research vehicle. Demonstrated military man-in-spaoe . 
capabilities in the Space Cruiser would earn siq>port of and help pave the way for > 
tire transatmospheric vehicle. 

2.7 IMPUCATIONS FOR FURTHER RESEARCH 

1. It is recommended that a major system manufacturer be funded to refine the 
Space Cruiser design and to determine more detaUed developmeht and 
operational schedules and costs for its use as a resevch vdUcle. 

2. The smaU size and weight of the Space Cruiser and the advantages of aircraft..- 
launch suggest that the air-launch concept described in Section 6.0 be 
developed in a conc^tuai design study. The use of the final stage as an 
*nnfinitely reusable” ^>ace station, or stage-station, would provide distributed 
space stations at low cost and should be an integral part of the analysis. 

3. The use of the Parafoil for aerodynamic plane-changing maneuvers at entry 
speeds has a rframatic potential performance payoff. It is recommended that 
the feasibility and implications of this new concept be examined. 
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3J0 SPACEPLANE BACKGROUND 


3.1 MILITARY BASIS 

The high-performance spaceplane concept was originated in 1979 as fte 
solution to a problem stated by the Office of the Deputy Director, Defense 
Research and Engineering, Strategic and Space Systems (now Strategic and Theater 
Nuclear Forces). The problem was to review and critique Shuttle payload plans, 
options and alternatives from a military conceptual viewpoint with em p M s i s iq>on 
payloads wito man in the loop or control. The purpose was to identify additional 
justifications for the military Shuttle. 

The idea of the generic spaceplane was generated and approved. Two 
spaceplane-specific tasks were then stated in the Work Statement to (1) Prove the 
need and value of the high performance manned military spaceplane operating from 
the Space Shuttle and (2) Prove the need and value of toe high performance manned 
military spaceplane operating independent of the Space Shuttle. The work was 
performed under contract DNA001-80-C-0217 and cosponsored by DARPA Order 
No. 4097. 

The problems stated in toe resulting analysis are summarized as follows^ 

The non-military diaracteristic and severely limited military capa bi lity of 
past, current, and proposed propelled spacecraft while toe military need is 
substantial and increasing rapidly. Manned q>acecraft programs and concepts have 
displayed predominantly non-military characteristics sudi as: 
o Space maneuverability which is limited severely 
o Payload-maneuverability in space ttoidt is limited severeiy 
o Inability to perform synergistic and other maneuvers in and out of the 
atmosphere 

o Substantialiy constrained mission profiles 
o Weather dependency of launch and recovery 
o Launch schedule inflexibility 

o VulnerabUity of toe launch faculties and toe global ground support to direct 
attack 

o Dependence throughout their mission on extensive ground support monitorii^, 
tracking, control and communications 
o Little or no space rescue capabUity 

o Dependence of orbital transfer vehicles on toe Orbiter or future ^ace station 
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These characteristics and capabiiity limitations contrast sharply with the 
autonomyy flexibility, maneuverability, responsiveness, survivability and cost* 
effectiveness required of miiitary aerospace operations as flie result of experience 
and established in official Air Force aerospace doctrine. Furdiei , the manned 
space vehicle programs and concepts have precipitated die commonly-held 
perc^tion that the economics, technology and safety of man in space wiii force 
the continuation of these non-mUitary characteristics into the future. 

The National Command Authority and the Department of Defense rely heavily 
on unmanned satellites as vital elements in command, control, communications, 
intelligence, surveillance, and warning. Unmanned sateUites have additional 
problems relative to manned vehicles, such as in h erent vulnerability to anti- 
sateUites, single-mission utility and inability to adapt or to think. The maimed 
qiaceplane could complement the unmanned satellites by providing a quidc reaction 
cspabiUty for unforeseen contingincies and by Servicing, protecting, supplementing 
or standing-in for satellites. Balance and mutual siqiport must be achieved 
between the manned and immamed military systems. 

The need was then stated and is summarized here: 

The need to to provide the military man in space a highly cost-effective near- 
term vehicle system with the required military characteristics and «^|y»»*ilitiw tiiat 
will 1) protect the United States resources from threats in and from space; 2) 
conduct needed aerospace offensive and defensive oper a tio ns to use and protect 
the use of space by the United States and its allies; 3) enhance the land, sea and air 
forces; t) serve as a practical utility vehicle in the si^Mrt of space assets and in 
the exploitation of space; and 5) support as many aspects of U.S. national policy as 
possible, including arms control. 

The specific vehicle need to for a truly military vehicle that integrates well 
with the Shuttle and other laundi vehicles where required and that eliminates or 
minimizes the need for other vehicles or upper stages. 

The solution presented was the high performance spaceplane concept, termed 
the Space Cruiser, which differs considerably from the other maimed and unmanned 
space vehicles that have been studied or proposed.* It differs in configuration. 


* This conclusion resulted from a search for a vehicle concept that might meet 
the requirements. For example, NASA has no plans to develcm such a vehicle. The 
statement remains vaUd. 


9 


cost* performance» ease and speed of development^ in launch and recovery 
flexibility and in its capability to meet the diaracteristics and capabilities 
estabiished by miiitary doctrine. 

The high performance spaceplane conceptuai design was then studied and 
refined with industrial and laboratory support in the Spaceplane Examination study 
(Reference i). The purpose of the Spaceplane Examination was stated as two>foid: 

1. To define and evaluate a small man-rated space transportation vehicle for 
military space operations which is compatible with the Snjttle, expendable 
launch vehicles or air launching and is capable of eartii return and parachute 
recovery. 

2. To investigate configuration changes necessary to accomplish selected "off- 
design" missions. 

X2 PRE-STAR SPACEPLANE OESCSIPTION 

The Statement of Work for tiUs STAR study requires that the Space Cruiser be 
configured for appiication as a miiitary research aircraft as deemed necessary and 
practicai relative to its prior configurations. Consistent with this requirement, 
this Section begins with a description of the previous intemai layout depicted in 
Figure 2, of the spaceplane resulting from the OARPA-sponsored Spaceplane 
Examination (Reference 1), Contract No. F04701-S1-K-0001, completed 30 July 
1982. The development of the design logic as completed in this STAR study is 
discussed in Section 5.0. Section 6.0 presents dte configuration changes that 
resulted from the design logic and analysis of the application of the spacepl 2 ute as a 
research vehicle. Then it presents the resultant performance. 

Figure 2 depicts the representative internal layout of die Space Cruiser based 
upon a conical reentry body shape. The geometrical shape of the airframe intemai 
mold line is also conical, reflecting the conical shape of the reentry body. The 
conical reentry body shape studied and tested in a wind tunnel by Sandia National 
Laboratories for the spaceplane has small, extremely swept wings or "strokes" with 
elevens (not shown). The nose section, containing the forward payload bay, ballast 
and power batteries, can extend forward while in space to expose tite forward 
reaction control nozzles for firing. No nozzles are located in die thermal 
protection structure (TPS) with this approach. The nose can be removed and 
replied while in an extended position. After full extension, the nose folds aft 
alongside and is snubbed or secured near the nosetip. After the nose is folded, an 
elephant stand or similar light weight structure can be attached to the forward 
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bulkhead or ring to attach external payloads. In this way the payload is pushed by 
the spaceplane and the maneuvering flight load force is the spaceplane thrusts 
independent of the weight of the payload. The pUot is seated at the aft end in a 
seat or couch which can be raised until the pilot's head is outboard, similar to an 
open^cockpit aircraft. In the raised position the pilot can view the external 
payload. Also, the pilot has unlimited visibiiity and can view the internal, forward 
payload bay contents when the top panel or door is open. 

An example airframe construction is advanced non-catalytic thermal tile over 
a composite non-metaiiic substructure. Connections for refueiing are located in 
the aft end with the plug-cluster engine (PCE), obviating penetration of the TPS. 
There are two payload bays, one in the nose section and the other in the aft end 
witiiin the PCE thruster modules. This latter bay is called the "plug.” 

Landing is by controllable lifting parachute or "Parafoil" (References 2 and 3). 
After deployment of a deceleration drogue from the PCE plug volume prior to 
vehicle aerodynamic instabiiity, dose to the trans-sonic region, the reefed. 
Parafoil flying parachute is deployed from near the vehicle's center of gravity 
between the spherical propellant tanks. A redundant, identical Parafoil is located 
forward of the oxidizer tank. After d^ioyment of the flying parachute, the 
spaceplane assumes a horizontal attitude for flight to the ground. A lifting 
aerobrake is located in the aft payload bay for aerobraking with otherwise 
excessive entry speed. The lifting aerobrake is reusable. 

A 195 lb, six-foot one-inch pilot or 95th percentile man is assumed. An 8 psi 
Extravehicular Maneuvering Unit (EMU) or spacesuit, under development, is 
planned. This suit eiiminates the reipiirement for prebreathing pure oxygen before 
flight. Its portable life support back pack is detachabie before launch and at 
landing. Extravehicular Activity (EVA) does not require an umbilical. FaU 
operational/fail safe design criteria are used for environmental and life support 
(Reference 9). Pumped fluid coolants are used with coidpiates for heat transfer 
from the heat source hardware such as avionics. A stacked evaporator is for 
heat rejection. A heimet-mounted, internal virtual-image display is provided. 
Voice control of and through the computer is planned. 

An autonomous optical navigator supplementing and with accuracy similar to 
the Global Positioning SatelUte (GPS) is planned. Ring-laser gyro inertial plat- 
forms are used in the guidance and navigation system. Monopropellant-driven 
redundant auxiliary power units (APUs) are provided and integrated with the 
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rechargeable power battery. The aircraft is all-electric. No hydraulics are 
permitted on board die spacepiwie. 

The PCE has 16 nozzles with indq>endent on-off control for overall thrust 
vector and thrust magnitude oontroi» eliminating nozzle actuators and flexible 
lines. The propellant tanks are spherical for light weight and are centered roughly 
about the vehicled center of gravity. The propellants selected are nitrogen 
tetroxide as the oxidizer and an Aerojet proprietary amine biend for fuel. The fuel 
is also used as a monopropellant in the APUs. The PCE nozzles are film-cooled for 
long life. Elastomeric bladders are used in the pressurized propellant tanks. The 
attitude control system has nozzles mounted forward at the nose fold and aft with 
the PCE to provide six-degree-of-freedom attitude and translation Control- 
Momentum wheels are provided for fine attitude control. A mercury trim control 
system is included for real-time center of gravity (CG) trim. CG control is 
important for endoatmospherlc stability. It b planned that outboard prc^Uant 
tanks and payloads will be saddle-mounted to protect the TPS. 



RESEARCH SURVEY 

*.1 PURPOSE 

Jn order to define research and technology tasks as specif ied in TaA I of tiie 
contract* DCS Corporation conducted a letter survey of appropriate aerospace 
industries and governmental organizations asking the letter recipients to identify 
specific research* technology and development tasks or ejqperiments whi<* they 
believed were suitable for accomplishment by the Space Cruiser in its role as a 
research vehicle. The industry recipients were selected to provide a broad cross 
section of industries ranging from component producers to major system 
manufacturers. The governmental recipients included research and technology 
organizations and laboratories in the Air Force* Navy* DoD and NASA. The 
purpose of the survey was to soUcit suggestions for tasks or experiments from a 
diverse spectrum of perspectives in order to define research and technology tasks 
suitable for accomplishment by the STAR vehicle. 

4.2 SURVEY METHOOS AND RESPONSES 

The letter soliciting suggestions for experiments Was accompanied by attach- 
ments containing a description of the STAR vehicle and its specifications* and 
guidelines for the format of the respo n s es . A copy of the letter with attachments 
is included in Appendix B of this report. A total of 126 requests were mailed. 
However* the number of agencies or corporations contacted was lower in 

some cases more than one department or division within an agency or corporation 
was contacted. 

DCS received a total of 36 separate responses to the letter request. Of 
these* 23 organizations did not offer specific experimenu for consideration* even 
though most expressed an interest in the concept and a few indicated they may 
submit recommendations at some time in the future. The remaining 13 responses 
contained suggestions for a total of 60 distinct tasks or experiments. There was a 
sivprising lack of duplication in the operiments recommended* which reflects the 
diversity of interests of the respondents. 

Although the DCS re<piest asked for research and technology tasks sui ted to 
accomplishment by the Space Cruiser* the responses proposed a broader range of 
ta^ Of the 60 tasks recommended* one fourth of them (15 tasks) were 
considered to be operational applications for the Space Cruiser rather than 
research and technology experiments. AdditionaUy* of the 45 proposed tasks that 
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were research and teduwlogjr experiments* 35 tasks were experiments that could 
be accomplished by the Space Cruiser and the remaining 10 were experiments that 
should be carried out as part of the developm«it of the Space Cruiser itself. 

SURVEY RESULTS 

This section consists of a synopsis of each of the tasks or experiments 
proposed in respons e to the DCS survey. For clarity they are grouped into the 
three basic categories* research tasks to be accomplished by the Space Cruiser; 
research tasks to be performed for the development of the Space Cruiser; and 
operational applications lor the Space Cruiser. The tasks are also grouped within 
these three categories by the organization that submitted them. 

bJi»l R esea rc h Tasks to be R erfamed by the S pac e Gruber 
bJi.1.1 Ta^a sub mi tted by LTV Aerospace and Defawe Company 

Tasks Component tests for exoatmospheric Electromagnetically-Launched (EML) 
guided projectile 

Tadc Deaer l p tl om Determine accuracy of space launched EML guided projectile 
meeting packaging and EMP/g-load hardening design criteria. 

E xpected Results and Vakiet Validate EML guided projectile components designs 
for prototyping. Thb would be an extension of preliminary ground based 
demonstrator results. Will have applications to boost*phase and mid*<ourse 
ballistic missile intercept. 

Tadcs Ablative behavior of Carbon/Carbon (C/C) nosetips and projectiles. 

Task D cj c rlpti ont Fire reentry nosetips from orbit to simulate desired trajectory. 
Determine the ablative behavior and its effect on trajectory for various C/C 
composite materials. 

E xpected Results and Value* Will provide ability to select the optimum materiab 
for various missiles ranging from ICBMs to railgun projectiles. Ablative behavior 
caraiot be fully simulated from Earth; proof testing requires actual missile firings. 
Firing reentry bodies from the spaceplane would be less costly. 

Tatia Scramjet inlet and combustion phenomena. 

Task Descriptiom Use externally mounted scale propulsion unit to determine the 
effects of rarefied gasdynamics at hypersonic speed on inlet ind combustion 
stability and performance of a supersonic combustion ramjet. 
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Egwc ted Results and Values Will increase understanding of supersonic rumbus^ 
tion ramjet. Potential low weij^t propulsion for transatmospheric (TAV) type 
vehicles. 

Tasks Navigation system validation. 

Task Descriptions Utilize Special e<|uipment to provide a brassboard demonstra- 
tion of this Vought proprietary concept. Use multiple ground track velocity/ 
position determination or GPS if available. 

Ezpected Results and Values Validation of the position and velocity determination 
of the vehicle. Potential for improved long range navigation. 

t.3.1.2 Tasks submitted by United Technologies, HamiltanStiridatd 

Taskss Various luisks demonstrating EMU technology and EVA technology 
including satellite servicing. 

Tatk Des c rlp Ciont 
EMU Technology Tasks: 

1. Test quick reaction capabUity and subsequent effects on crewmember physi- 
ology. 

2. Test radiation protection equipment by placing experiment on Long Dmation 
Exposure Pacility (LDEF) or free flyer which will be revisited every 90 days. 

3. Test effects of EMU venting on sensors/q>tics and test effects of EMU suit 
contamLnatieri due to hydrazine, etc. Develop a method of cleaning suit 
whUe EVA. 

4. Test crewman capability to react to quick ccatingency situations while suited 
in the EMU. 

5. Conduct maintenance on the suit on-orbit. 

6. Test suit puncture procedures on-orbit. 

7. Conduct heads-up display eiq>eriments. 

8. Conduct physiological tests were the EMU HAL system controls the life 
support system requirements as a function of crew metabolic load. 

9. Conduct EMU range/rate device. 

EVA Generic Tedmology Tasks: 

1. Test crewman restraint interfaces with satellites, st r uct u re s assembly, set- 
iq>/tear-down, etc. 
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2. Document crewman translational capability and evaluate transla’Uon ai dt r 
3* Develop metholodology for module transfer. 

4. Use Space Cruiser as an orbitai maneuvering system to retrieve item to 
stationary crewmember, the Space Cruiser being controlled via HAL. 

5. Conduct power-assisted end effector tests. 

EVA Satellite Servicing Tamest 

1. Repair/replace modules. Determine module design and logistics. 

2. Evaluate EVA as a secondary/coinplementary mode of operations and 
influence on satellite design. 

3. On-orbit refueling of fluids causing safety problems witfiin Shuttle (bi-props, 
cryogens) 

4. Demonstrate satellite subsystem removal and repair (con n ectors, 
arrays, batteries, sensors). 

5. Human factors engineering tests under varous environments, work envelope 
determination, task sequencing tests. > 

6. Determine optimal man/machine mix. Test task level and task complexity by , 
interacting techniques which test the synergism of the man/machine system. 

7. Perform service on transfer type vdUctes, remove/repair engines, avionics, 

■ etc. 

8. Test space berthing ta^ such as berthing pin location/design, structural 
support, dynamics and interfaces. 

9. Conduct Orbital Replacement Unit (ORU) replacement tests to determine 
MTBF and reliability, optimal locations for mounting and working on ORU. 

10. Determine basic design considerations such as component and CsMe l^out, 

mounting techniques, hazards identification, accessibility, crew work station, 

etc. 

11. Deploy Space Cruiser from 9uittle payload bay via the RMS. Test maneuver- 
ability and logistics associated vitii payload by operations Including Sp a r e 
Cruiser maintenance. 

12. Conduct general satellite servicing from the Space Cruiser. 

E sp * i ct e< ? Results and Vahiei The Tasks as a whole would greatly expand 
knowledge of EMU technology and EVA technology and applications. The 
knowledge gained could lead to significantly enhanced capability in all phases of 
maimed space operations. 
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^3,13 Task aiAmitted by the Air Force Qffioe of Sdaitific Research 
Taafct Long term environmental durability of materials in space. 

Taak D es c ripti e m Use the Space Cruiser as a launcher or flying test bed for 
samples of candidate spacecraft structural material and comfcict periodic 
monitoring or recovery of samples. 

Expected Results and Values While this task could be done on the Shuttle, the 
long duration exposure facility on the Shuttle has had more than a ten year lead 
time. Uiing the Space Cruiser could expedite the acquisition of knowledge about 
durability of new materials in ^>ace. 

^3»IA Task sidNnitted by the Charles Stark Draper Laboratory, bic. 

Tasks Investigate the density phenomena of the atmosphere in the aerobraking 
altitude band (240,000-300,000 feet). 

Task D es cr ip t i ons Use the high lift space plane to traverse a path similar to that 
of an aerobraking Orbital Transfer Vehicle (OTV) in order to gather additional 
data on 'die consistency of the density of tite atmosp here in the aerobraking band. 
E xp ec ted Results and Values Increased understanding of the density phenomena 
sudi as magnitude, ^tiai correlation distance, and gradient of density variations. 
This could reduce the possibility of overdesigning an aerobraking vehicle because 
of lack of understanding of the density phenomma, and aid in the development of 
a low performance operational aerobraking OTV using either drag modulation or a 
low L/0 lifting brake. 

4J.1.5 Task siteiitted by United Technologies, Pratt k Whitney 

Tasks Testing of the Centaur RLIO-EB engine operation in a low gravity, vacuum 
environment. 

Tadc D es cr ip t i ons Use die Space Cruiser with an RLIO-HB powered Centaur to 
provide information on the effects of very low gravity on engine start, and to 
accurately determine the thrust produced at the engine's lowest thrust level 
(Tank-Head Idle). 

E xpected Results and Vahiet This tadc would provide data on the operation of the 
RLlO-nB in a low gravity vactaim environment whidi cannot be dupUcated on 
Earth. While this is an experiment to be conckicted by the Space Cruiser, it is also 
for the Space Cruiser in that it would allow expanded operations if successfuL 




Tadc simiitted by Air Force Aeroipace Medical Division 

Tada Use of the Space Cruiser in support of a MUitary Space Biotechnology R&D 
program. 

Task Descriptkm The Aerospace Medical Division has been tasked to explore the 
military utility of man in space and exploit man's unique capabilities in enhancing 
military space systems. They have developed several human performance 
experiments which require an orbital platform, but have had difficulty in 
establishing priority in the Shuttle program. The Space Cruiser could be used as 
the orbital platform for tiie experiments. 

Expected Results and Values The several human performance experiments 
planned by the Aerospace Medical Division could be accomplished without 
interference with/from the Shuttle program. Accomplishmoit of the experiments 
could lead to an earlier understanding of man's utility in space. 

4Jbl.7 Task s u bm i tted by Ifca d quarters, dSlOth Test Whig, Edwards APB 

Tadcs Use of Space Cruiser to examine one extreme of the reentry environment. 
TaMc Descr ip dons There is need for further research in technology relating to 
hypersonic flight. Most of dts areas of interest relate to entry configurations of 
low planform loading. Although the 6510th Test Wing did not suggest a specific 
task, they acknowledged reentries of the Space Cruiser could provide data for one 
extreme of the reentry environment. 

Expected Results and Valuet The Space Cruiser could provide data that will assist 
in Air Force hypersonic research at one extreme of the reentry environment. 

6Jw2 Research Tasks to be Per for m ed for the Devdopment of the Space Cruiser 
6A2.1 Tatk s M wnltted by LTV A erosp a c e and Defense Company 
Taale STAR Configuration Changes 

Task nescrlpeiom Validate the benefits of Ught weight strap-on wings for the 
Space Cruiser. Determine the altitude conditions for which extremely large 
strap-on wings are useful for maneuvers of the Space Cruiser. 

Expected Results and Values Obtain a better understanding of minimal energy 
maneuvers in rarefied atmosphere. There is the potential to expand the 
operational envelope of the Space Cruiser. 
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Tado Low cost guidance system evaluation fcr the Space Cruiser. 

Tadc DTt^.tipflnni Adapt the uitra-Ught weight low-cost Mark VI inertial 
reference system (developed by Aerojet TechSystems for NASA sounding rodcets) 
to S pa ce Cruiser guidance and control and untethered EVA. Applications could 
include space rescue. 

Results and Vahiet Potential for reduction in Space Cruiser guidance 
and control costs and weights by as much as 90% of the current state of the art 
values. Could make non-tethered EVA a practicality. Suitable for military 
applicationsy rescue missions and unmanned missions. 

Task: Aerobraking investigation 

Task D esc r ip tion: Adapt structurally efficient clam shell shields to the c<mical 
shape of the Space Cruiser to evaluate the concept for aero-assisted reentry and 
synergistic plane and orbit altitude changes. 

Expected Residts and Value: Provides multi-purpose addition to Space Cruiser by 
functioning as a meteor shieidy an aeromaneuvering surface and a heat shield 
during aeromaneuvering. Will provide an emergency de-orbit and orbit change 
capabilityy and broader mission envelope limits for the Space Cruiser. 

Task: Plug cluster engine for primary Space Cruiser propulsion. 

Task Deacriptiam The experiment involves (1) the. application of scarfed nozzles 
on the sixteen 188 Ibf rodcet engines which are arrayed around die pit^y and (2) 
on-line feed pump capability for two to four of the normally pressure fed 188 Ibf 
engines from externally mountedy conformal propellant tanks. 

p*M ii f! t and Value: Will provide a flexibley short lengthy high- 

performance and low cost rocket engine for .the Space Cruiser and a wide range of 
Air Force missions. WUl also provide low flow rate pump technology for possible 
use in space platformy Space Shuttley orbit thrustersy tactical missiles as well as 
the Space Cruiser. 

Tasks sidmitted by AERO 

Task: Spaceplane-Parafoil recovery demonstration 

Task Description: A spaceplane-Parafoil would be constructed and dropped from 
an aircraft In the atmosphere to demonstrate gliding performancey controUabilityy 
low rate of sinky and a flare maneuver to a landing. 


ExBdcied R«sitis end Vstees Successful dsutenstratton of tits spaceplane Parafoil 
is essential to the viability of the Space Cruiser Parafoil-landing concept. 

Tasks Spaceplane-Parafoil space maneuvering and reentry analysis. 

TaA Descriptions This task consists of computer simulation and analysis of 
spaceplane maneuvering in space and during reentry utilizing the Parafoil. 

Results and Values This taA is necessary preparation for the actual 
testing of reentry aiKl upper-atmosphere maneuvering with the Parafoil. 

Tasks Spaceplane-Parafoil wind tunnel tests. 

Task D es er ipti ons Wind tunnel tests of the Spaceplane-Parafoil will be conducted 
at subsonic and supersonic sp e e ds in order to optimize dedgn and stability 
coefficients for space maneuvering, reentry, atmospheric gliding flight and flare 
landing. 

Ex pected Results and Values This task is also a necessary preparation for the 
actual testing of the Parafoil at entry speeds. 

Tasks Space Shuttle Spaceplane-Parafoil flight tests. 

Task D es cr ip t i ons A model of the Space Cruiser will be launched from the Space 
Shuttle. The model will have an on-board guidance and control system to deploy 
the Parafoil in space, maneuv«* in space, reenter and fly in the atmosphere to a 
landing. Air-snatdt of the Spaceplane-Parafoil will also be demonstrated. 
Ei p ect ed Results and Values This task could be used as the final test before 
actual deployment of either a manned or unmanned Space Cruiser. 

4.3.2.% Task siAmitled by the AVCO Corporatkin 

Tasks Develop material systems for structural and thermal protection of the 
Space Cruiser. 

Task D escrip t i ons Successful devel<g>ment of the Space Cruiser will require 
material system for thermal protection/structural use that are available, proven 
and affordable. AVCO proposes a detailed dedgn study to define the limits of the 
Space Cruiser s tr u ct ura l/thermal requirements and how aarent materiais can be 
improved or new materials developed. 

E xpected Results and Values This task is necessary for the growth development of 
the Space Cruiser. Materiab developed for the Space Cruiser would also be likely 
to have applicatiorss for other space systems. 
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Talk aukoiitted by Morton Thiako^ Wanich 

ThIb Evaluation of boosters for rapid launch of the Space Cruiser. 

Task D esc fl pt i o ni The Morton Ihiokol response suggested that the STAR efbrt 
include an evaluation of booster s for rapid launch of the Space Cruiser and also an 
evaluation of propulsion requirements for payloads or weapons which may be 
launched from the Space Cruiser. 

Expected Resttits and Values Evaluation of boosters for launch of the Space 
Cruiser is fmdamental to its development. It is apparent in the following section 
of this report that describes operational appUcations for the Space Cruiser that a 
rapid launch capability and the ability launch to various orbits will greats 
enhance the versatility of the Space Cruiser. 


*3.3 Operational AppOeatiohs for the Space Ckuber 
*33.1 Tasks s u bm i tted by Emawon Electric Cempany. 

Tasksi Various operational missions. 

Task Descriptions Emerson submitted five tasks for operational missions that 
could be performed by the Space Cruisen 

1. Space junk collection. 

2. Non-cooperating vehicle docking system. 

3. Quick response, low orbit tactical reconnaissance system for real-time 
reporting of Photo Intelligence (PHOTINT), Electronic Intelligenoe (EUNT). 

*. Ferry an automatic test system for Intercon n ection with designated satelfite 
systems for routine and emergency maintenance. 

5. Use as a manned battle station to fly cover for high priority vehides, 
destroying anti-satellite systems. 

Expected Results and Values These suggested operational applications illustiate 
the flexibility and utUity offered by small, relatively simple, manned 
system. An unmanned or very comptex system could not offer similar quick 
reaction versatility. 


Tasksi Various reconnaissance related missions. 

Tatic Descrl p ti o ni BaU Aero^ace Division prqmsed four operational missions that 
relate to reconnaissance either directly or indirectly. The tasks proposed aret 
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1. Ih^)ection of satellites for the presence of nuclear materials by thermal 
Imaging. 

2. Inspection of satellites for the pr ese nc e of nuclear materiab by x*ray and low 
energy gamma ray imaging. 

3. Observations of bow shock radiative emissions. 

4. Ih-orbit replenishment of inoperative satellites, specifically, superfluid 
helium cryogen replenishment of the bifrared Astronomical Satellite. 

Ex pected Results and VSalues These tasks or missions again illustrate the 
versatility of a manned system that is capable of being placed into any ort>it(s). 
The first two could be used to verify treaties and agreements on utilization of 
space. The third task could provide valuable data for ballistic misSUe defense. 
The last task is one that could provide an inexpensive method of re-activating the 
Infrared Astronomical Satellite (IRAS) in order to conduct more survey work. The 
new scientific data that has already been obtained from the IRAS provides ample 
justification to continue that type of survey, but the same concept can be applied 
to replenidi or re-activate a variety of satellites that have become inoperative 
for various reasons. 


Tasks Sub mi tted by CaOfomia IDcrowava , tnc. 

Tabksi Various recon na issance of satellites tasks. 

Task Descriptloni California Microwave proposed six tasks which most of which 
relate to observations of satellites from close range to obtain various types of 
information. The specif Ic tadcs ares 

1. Approach a satellite and monitor emissions for technical ELINT purposes. 

2. Approach a satellite and monitor emissions for intelligence information. 

3. Approach a satellite and obtain detailed photographs and spectrometer scans. 

4. Monitor ground emissions for technical ELINT using maneuverability to 
access areas when not expec t e d . 

5. Utilize maneuverability to determ in e operational capabilities of space 
sensors md defense doctrine. 

6. Maneuver about a satellite and make power, pattern and polarization 
measurements. 

E x pe c ted Results and Values These operational applications illustrate that even 
with a small payload capability a man4n-the loop system has many powibilities. 
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particularly in observation applications with various sensors. Maneuverability and 
the ability to be inserted into the orbits of various satellites enables the 
spac^lane to accomplish th^ types of missions. 

^ CONCLUSIONS 

The variety of tasks or experiments suggested by the survey respondents is 
indicative of the potential versatility of a Space Cruiser research vehicle. 
Although some of the proposed tasks could be conducted using the Space Shuttle, 
the Space Cruiser would appear to offer distinct advantages over the Space 
Shuttle because of probable lower costs and greater flexibility. Some of the 
proposed tasks cannot be accomplished using the Shuttie. The Space Cruiser 
offers a unique opportunity to conduct research and technology experiments that 
are not possibie now. For these reasons, plus the fact that there will always be a 
heavy demand for Shuttle services for a variety of projects, the Space Cruiser 
should be considered as a valuable complementary system ts the Shuttle. 

It is apparent that tfiough the basic concept of the Space Cruiser is that of a 
vehicle to conduct research and technology experiments, the Space Cruiser is also 
an experiment in itself and its development should enhance our knowledge of 
space and transatmospherlc operations in general. The development and employ- 
ment plan for the Space Cruiser should accord the highest priority to tfiose R&D 
projects proposed for the specific development of the Space Cruiser. The plu« 
cluster engine project proposed by Aerojet and the ParafoU projects proposed by 
AERO are obvious examples. 

The number of proposed operational appUcations suggested by survey respon- 
dents suggests that titere will be a natural evolution of the Space Cruiser from a 
research vehicle Into an operational vehicle with numerous military applications. 
I** fact, the distinction between some technology experiments and military 
applications may not be easily dlscemable. 

The list of tasks or experiments contained in this section should not be 
considered etitaustive. Furthermore, it is llke^ that as knowledge is acquired of 
the Space Cruisers' capabilities during its development and initial operations, 
experiments will beget additional experiments. The tasks listed herein should be 
considered only as rep r esentative. 

The survey letter and r epr es e n tative replies are contained with the letter in 
Appendix B. 
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5.1 CONFlGURATiON LINKAGE TO SURVEY RESULTS AND OTHER TASKS 

The number and diversity of the tasks pr es en te d by the survey supports the 
need for the research vehicle. It was not pos^le to do a benefit or value analysis 
on a quantitative basis with the information received. However* it seems accurate 
to state that the criteria of serving a substantial number of beneficiaries and of 
performing research with numerous sid>jects and technologies would be met. m 
addition to those of the survey other tasks became evident. For example, the 
statements of critical technology, 5*10 year research programs, by the Strategic 
Defense Initiative Defensive Technology Study that are pertinent specifically to 
Space Cruiser capabilities are 1) the capability to service the space components 
and 2) an ability to transfer items from one orbit to another, including geosyn- 
chronous orbit (Reference 5). 

Other examples of tasks beyond those listed separately in the survey are in tite 
following compilation which summarizes the potential support which the STAR 
program could provide other type vehicles: 

Space Shuttle: 

o The Space Cruiser would extend the manned vdticular reach of the Orbiter 
throughout cislmur space and Into the atnrwsphere for research aiKl other 
tasks. 

o Hi^r-risk tasks can be done 

o Centaur-Cruiser-Orbiter cryogenic vehicle operations 

o Military research can be doiw with the Cruiser launched aiKl/or supported by 
the Orbiter 
o Rescue research 

o Orbiter/manned'vehicle integration/operations 
o Multiple Space Cruiser operations 

Future manned space vehicles 

o Man-in-space for servicing, maintenance, repair, updating, iitspecting, recov- 
ering and maneuvering of satellites 
o Human factors/safety 

o Vehicular subsyste m s such as Environmental Control and Life Support System 
(EC/LSS), propulsion, power, ... 
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o Operational research such as navigation, avionics, spacemanship^ buddy opera- 
tions,*.. 

c Research on/with payloads, internal & external 
o Environmental phen o mena 

o Controls/dispiays/voice control 

o Software 

o Endoatmospheric/transatmospheric flight and operations 
o Rescue 

o Aerobraking systems and related atmospheric environment phenomena 
o Materials 

o Radomes/antennas 

o Recovery 

o Space station operations 

Future unmanned space vehicles 
o Aerobraking 

o Vehicular subsystems 

0 Software 

o Recovery 

o Phenomenology such as radiation hardness, prop^tion bladcoutHM 

o Unmanned-vehicie spacemanship 

o Remote control 

o Robotics 

Future transatmospheric vehicles 

(See above for research areas lor the Space Shuttle and the manned vehicles) 

Hypersonic vehicles 
o Vehicle subsystems 

o Human factors 

o Materiab/ s tr u ct u re 

The potential tasks for the Space Cruiser as a research vehicle require full- 
envelope performance* That is, the vehicle must be capable oi operating in the 
upper atmosphere as an endoatmosphmic vchiele, as a transatmospheric vehicle, 
and as a cislunar vehicle. The spaceplane must go where the sateiiites are. This 
means it must be capable of r e se a r c h and technology tasks at least as high as the 
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geosynchronous satellites. The EVA end EMU tasks oi *.3.1.2 and the SOI support 
tasks exemplify operation at up to g eosync hr onous attitude. VhUe not discussed 
fully in this r eport, the Space Cruiser in combination with the Centauris) and 
iaunched by the Shuttle fulfill the g row ing interest for returning to the moon. 
Most satellites are iocated at low to medium altitudes, below 900 nmi and are 
reachable easily by the Space Cruiser. 

The Space Cruiser example used as the ii^ or reference vehicle in this study 
is limited to approximately 2630 fps witfi no payload and using only propellant from 
its internal spherical tanks. The addition of propellant to its two payload bays 
would increase its achievable delta velodty to approximately 3700 fps. These are 
modest velocity levels with respect to orUtal maneuvering. For example, it takes 
approximately 1300 fps for a roundtrip from a 100 nmi orbit to a 300 nmi orbit. A 
return from geosynchronous orbit requires *700 fps to 6000 fps, depending on 
whether a 28.3 deg plane change is accomplished. ' These examples demo ns tr a te 
that there is a real need to improve the payload-velocity product of the Space 
Cruiser. To the extent possible, the required added propellant diould be contained 
within the vehicle because the Cruiser ca n not enter the at m osphere to perform a 
plane chmtgs or other maneuver while carrying appendages such as propellant 
tanks. The vehicle must be '^clean” lor entry. We shall now develop the design 
logic to both expiain and to improve substantially the performance of the Space 
Cruiser while minimizing the resultant changes to the ii^ut configuration of 
Figioe 2. 

3.2 STAR CONCEPTUAL-DESIGN LOGIC 

This section explains the design logic that results in the general configuration and 
conceptual design of the Space Cruiser for the research appUcation. ft is 
recognized that the development of the Space Cruiser by a major system 
manufacturer would result in numerous tradeoffs and refinements. However, as a 
consequence of the reasoning presented herein it is believed that the differences in 
configuration and performance between what is presented and the evolved aircraft 
will be more minor than major. 

The general shape of the Space Cruiser is based on the slender right-circular 
or elliptical cone. The shape, length, weight and the performance of the vehicle 
derive loc^cally from the constraints of: energy management, atmospheric entry, 
aerothermodynamics, F = nna, the strong gravitational field, rodcet propulsion, 
launch vehicles, high cost-to-orbit and cislunar operation. While designing within 
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these constraints there is ample room for ingenuity and for maximizing operationai 
flexibility* responsiveness* safeqr* readiness and autonomy. Thb section is 
provided to clarify and su bs t an t ia te the r on ce ptu ai configuration and design 
approach of the Space Cruiser for STAR operations. The Space Cruiser will be 
used as a research spaceplane while retaining fully the option for its use as an 
operational military spaceplane. 

The logic of the conceptual design derived from the need for omnimissionality: 
the capability to perform well in many roles* uses and functions. The word 
omnimissionality is used to distinguish betwe ^ the Space Cruiser's mission 
capabilities and the term "multi-ntission capability* normally used in reference to 
aircraft. The means for obtaining omnimission performance will be explained and 
in effect* be presented as a road map to this result. Following the discussion of 
omnimissionality the resulting overall operational requirements will be presented. 
The operational requirements are then focused to concept u al design requirements. 
The operational and design requirements are placed on a relative basis and then 
transformed into the resultant STAR Space Cruiser configuration example. Its 
performance is then quantified and presented in various ways as the basis for 
discussion of system development and operations* the topic of Section 7.0. 

5.2.1 Omnimission Mot i v a tions 

A principal motivation for incorporating the performance* flexibility and other 
characteristics which result in the capability to adapt well to a wide variety of 
uses or "missions” in space and the upper atmosphere is the uncertainty inherent in 
research future-missions prediction. The Space Cruiser's operational capabilities 
with a large payload-velocity product throughout cislunar space are predictable. It 
can go "where the action is"* that is* where the satellites are or can be. It can 
operate manned and unmanr d. Although many types of missions in space are 
generally predictable by analogy with our aircraft* nava4 and space experience 
across the wide spectrum of research* military* scientific and commercial applica- 
tions and operations* each category of the spectrum is expanding into space 
rapidly, perhaps y mentially. It is not possible to predict with confidence all the 
future resear:..: ./:z.>ions and uses. 

The result is a strong motivation to design the spaceplane for the widest 
possible af^lication. Indeed* it is anachronistic to build a research vehicle to 
provide data for a limited field* such as aerodynamics or flight control* at least in 
the context of spaceplane technology and research. The relatively high costs of 
^>ace operations require that there be as many research beneflciaries as possible* 
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to obtain the cost-effectiveness and benefits that will justify STAR clearly to the 
Congress, the Department of Defense, the scientific community and the public. 

Correlated with the omni>mission requirement is the motivation to avoid a 
plethora of vehicle types. Every effort should be made to minimize Ae number of 
types of vehicles and to do so in such a way that the resulting vehicles can operate 
as synergistically as possible. For example, the upper stage(s) should double as 
propulsion modules for the Space Cruiser and the Cruiser should retrieve spent 
upper stages for reuse. 

Space yields the unique opportunity to provide true multi-missionality in the 
Space Cruiser. We will e]q>and this point. This is in contrast to the weU-known 
difficulties facing multi-missionality of aircraft in the atmosphere. 

5.2.2 Omnimissian Means 

Principal means or routes for obtaining omnimissionality include: 
o Taking full advantage of the space environment 

o Strong emphasis on energy management in design, configuration and 
operatioru 

o Exploiting laundt vehicle options 
o Providing recovery options 

o System modularity 

o Minimizing costs as part of and as a result of the above omnimissionality 
means. 

Let us expand this road map to omnimissionality by further consideration of each 
of the listed means. 

5.2.2.1 Spa ce Bnrlronment The n.ost significant implication of space to omni- 
missionality is its being a vacuum. The resultant, drag-free operation allows great 
freedom in vehicular design and configuration. External carry of payloads, 
propellant, propulsion modules (i.e. with rocket motor), life-wipport consumables 
and equipment, and other support equipment and sidecars for passengers and 
equipment exemplifies modular configuration flexibility that roults in adaptability 
to the missions in terms of configuration and performance. Configure for 
adaptabiiilty to what is needed when it is needed rather than penalize missions by 
specifically designing and configuring the vehicle for a single mission. 

The zero drag environment combined with the absence of aerodynamic 
perturbation forces facilitate rendezvous, docking and caching. Rendezvous, 
docking and caching permit configuration changes while on orbit for efficiency, 
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performance, and safety in accomplishing or changing missions. Zero drag also 
facilitates extravehicular activity throughout the space mission. 

Each of the above zero drag implications contributes to what can be called 
buddy operations. Rendezvous and docking for rehieling and transfer of payload, 
crew, or equipment between two Space Cruisers is a buddy operation. For 
example, two Cruisers could each inject into the same transfer orbit. One Cruiser 
carries the payload and therefore consumes more propellants. After the injection 
bum is complete, the Cruiser with the payload is refueled by the other in a buddy 
operation and will arrive at its apogee with full tanks. This procedure is analogous 
. to upper-staging in terms of performance but no stage is used or expended and no 
space debris results. 

Unlike airspeed, "spacespeed" is a function of the orbit, the desiination and 
the time available to get there, rather than being a principal function of the shape, 
size and power of tite vdiicle. Space is the great leveler or normalizer. The large 
and the small perform the same velocity profile In the same orbit. The drag-free, 
free-fall space environment results in flight endurance, flight distances and low 
propellant consumption-per-mile totally beyond meaningful comparison witi» 
atmospheric vehicles. Omnimission vehicular capabilities derive from these time 
and distance free-variables. 

A final observation in this discussion of the role of space environment in 
obtaining a high degree of omnimissionality in an appropriately configured Space 
Cruiser b the infinite line-of-sight distance available when not occluded by the 
Earth, moon or run. The fuU benefits of line-of-sight and transparency are 
available to the small vehicle in its missions. 
o Biergy Management What b needed b the smallest practicable manned 
vehicle so that it presents the minimum weight and volume to whatever the launch 
vehicle (LV) may be. Launch energy and costs are so large on a per-pound and 
per-dimension basis that the tradeoffs greatly favor smallness. The point could be 
made that tfiere really b no tradeoff. Make the vehicle small and add modules and 
propellants as required. 

Minimizing the weight and volume presented by the spaceplane to its LV 
equates to maximizing the payload capacity of the spaceplane, its adueval'le mass- 
ratio and payload-velocity product and the wei^t and volume available for other 
payloads on the LV. Up to perhaps four fully fueled or eight oartially fueled Space 
Cruisers can be carried in the Shuttle Orbiterb cargo bay. The performance of 
modest size expendable launch vdiicles (ELV) such is the MX booster b partic- 
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ular^ sensitive to the minimization of the spacepiane. Ihe advant a ge s of ELV^ in 
terms of mponsiveness* readiness, availability and potentiaily, cost argue for any 
vehicle that exploits the use of the ’ developing set of ELV^ The coordinated 
launch of one dr more additional ELVh to ptaoe payloid or propellant in place for 
pickup by the spacepiane can obviate the need for a larger LV from that which 
launches the spacepiane. Thus parallel or coordhwted tench of two or more 
spaceplanes can be done with EL VS for flexibility and respon si veness. 

A special case of ELV or partiaUy reusable LV is the aitbeme launch vehicle 
(ALV). The performance benefits to the ALV-aircraft system from spacepiane 
smallness are even greater than those realized by the ground-launched LV. One 
principal result of spacepiane smallness is the enabling of existif^ aircraft such as 
the 7d7-200P to be used as dte launch aircraft. Studies such as the Transat- 
mospheric Vdiicle (TAV) Conc^ Development and Evaluation, sponsored by the 
USAF Aeronautical Systems Division (ASD) have identified substantial operational 
advantages of aircraft launch for the military. Advantages include flexibility in 
basing, launch area and in launch azimuth. Additional advantages obtain for the 
research spacepiane. An alrcraft-ALV-spaceplane system concep t is pr esen te d in 
Section d.3 that may prove to be the most cost<effective Space Cruiser operational 
launch method for the forseeable future. 

Most of tile TAV conceptual designs have sufficient cargo bay and weight 
lifting capability to carry a spacepiane designed for minimum weight and volume to 
even low polar orbit. The smaller tim spacepiane the better the performance of 
tbe TAV-spaceplane ^stem. The spacepiane complements the TAV in effectively 
extending its the reach into cislunar space. The TAV serves as a launch vehicle, a 
logistical support vehicle between the earth and the spacepiane on-orbit, and can 
)oin m buddy operations. For example the TAV could provide on-orbit command 
and controL The TAV could precede the spacepiane over a geographic area or 
space volume of interest and call in and vector the spacepiane (or vice versa). 

Another energy management technique of great value is the use of aerdiraiclng 
to decrease the spacepiane velocity and heating when traversing the upper 
atmosphere. The reusable aerobrake is especially valuable to the cislunar 
spacepiane with entry maneuvers from high orbits and from geosynchronous 
altitudes and beyond. 

The high delta-velocity and propellant consumption required to perform a 
substantial plane change in low earth orbit can be reduced greatly by using 
aerodynamic lift in performing the plane change. This is the synergistic plane 
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change. Propellant Is only required to provide the retro velocity for entry* to make 
up the velocity loss due to drag and gravity and to inject and insert the spaceplane 
into the final orbit. Vehicles with lift-to.^ag ratios of U or more can benefit 
substantially from the synergistic plane change as part of their energy management 
for obtaining omnlmissionality. 

5.2.23 Launch Vehicle Options The large differences in launch vehicles in use or 
available in the future are in part the results of differences in missions for which 
they were designed* differences in payloads* orbits* modularity* reusability* etc. 
The stable of LVs will continue to grow. Example LVs with sufficient capability 
for potential launch of the small spaceplane are: 

Shuttle 

Shuttle-derived launch vtiiicles 
MX Peacekeeper ICDM booster stack 
Future Transatmospheric Vehicles (TAVs) 

Future Low-Earth-Orbit (LEO) logistics vehicles 

Air-launched LVs 

Commercial ground-launched LVs 

Ariane 

The key point is that one of the principal means for achieving omnimissionallty 
with the small spaceplane is for it to be compatible with as many LVs as possible. 
The LV can then be selected to match the mission requiremoits* enabling tiw 
spaceplane to fulfill the mission needs in the best manner in terms of launch cost* 
payload* post-launch delta-velocity available* and so forth. The smaller and 
lighter the spaceplane the better* for mission flexibility with any LV. 

53.2.4 System Modularity An important means of increasing tiie adaptability of the 
spaceplane to missions is to use system modularity. The following are configura- 
tion examples that represent the modular approach to increase the number of types 
of tasks and missions that can be accomplished with the small spaceplane. 

External carry The carrying of equipment* payload and consumables externally as 
in contradistinction to the internal bay. In general* the larger the internal bay the 
heavier the vdiicle. External carry increases system performance and versatility, 
bitemal Iqrout Flexibility in the packaging and relocation of internal subsystems. 
For example* the option of removing internal propellant tanks while using external 
tanks would substantially increase the internal volume available for mission needs* 
including the option of carrying a second crew member. 
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PropuUon module(i) The addition M a propulsion module adipts the ipaoeplane i 
provide a large increase in the pqrload*velocity product. Man-ratfa^ available 
upper stages, tease-craft, Orb^ Maneuvering Vehicle systems (OMV) etc. as 
propulsion modules for the spaoeplane could increase mission ftexlbili^. Deletion 
of avionics and attitude control equipment from the modules vould result te lower 
cost and simplicity relative to die fully equipped propul^ astern. The 
spaceplane's inherent capability in these subsystem areas may prove sufficient to 
include control of the module. 

Buddy operatten The previously discussed buddy type operations can be considered 
modular configurations, adapting the spaceplane to more misdons and increasing ' 
performance without die development or purchase of new equipment, requiring a 
larger LV, etc. 

Laomch vehkte options The previously discussed LV ^tions can be considered as 
modular configuration elements enhancing omnimlssionaU^ and performance - 
matching the mission and payload. 

Stage stations The distributed stage station concept is designed to provide over a 
period of time as many smaU space stations as possible for the tewest cost. The 
stage stations would serve as sanctuaries, logistic stations, navigation light ships, 
rendezvous points, relaxation and rqpair centers, etc. The concept is to design the 
final stage of the LV to serve as a space station after its launch function is 
complete. Be cau se the stage stations would be inserted and left In or near the 
orbits in which payloads and spaceplanes were inserted, th^ tend to be where the 
traffic is, where they would be within reach. Their on-orbit av^labili^ increases 
as their number increases. Launched on an otherwise expendable LV, th^ tend to 
make the ELV in a sense, reusable indefinitely. Their low cost results from the 
relatively small cost of the capability when designed into the stage from the 
outset. An ALV sketch with a stage station as the final stage is shown in Section 
6.3 and discu s sed in the context of spaceplane operations in Section 7JH, A key 
feature of the stage stations concept is that they form a *Vlistrfbuted" sp ere station 
with linkages such as communications and would be synergistic with the one. or two 
large q>ace stations planned currently. The ALV example of a stage station depicts 
a ten foot diameter final stage that has two rooms, one the empty hydrogen tank, 
and the other the empty liquid oxygen tank. Ten foot diameter looms large to the 
spaceplane pilot. Hundreds to thousands of pounds of supplies md equipment could 
be available on the stage station. Similar services could be achieved ^th the 
NASA ^Mce station. Spaceplane refueling at the large space station would be very 
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cost effective. Changing crew, payloads, etc* would facilitate greatly the 
on-orbit accomplishment and changing of missions. Future TAV and logistics 
v^icles could provide support of the spaceplane and/or its payload and crew. In 
each case, the smaller the spaceplane the easier it becomes to support. 
s,?,y,s Recovery Options An important means toward omnimistionaiity is the pro- 
vision for recov«y options. The spaceplane should be Inherently capid>le of truly 
autonomous self recovery. It should be capable of landing safely at austere dtes, 
unprepared sites, "helicopter-compatible” sites. It should be capable of reochif^ 
and being stowed in as small a volume as possible in the Space Shuttle Orbiter for 
recovery or refarbishment. The Orbiter could recover the spaceplane's crew, 
payloads, propulsion module, sidecars, etc. 

uiniiiMMB Cost In addition to the c^tability to perform a multiplicity of 
missions with the spaceplane, the cost of performing the missions must be 
sufficiently low to warrant the spac^lane for their accomplidtment. This is not to 
state that each must be dorie at less cost than by other possible means, but to m^ 
the point that on the average the cost must be less. A central point here Is that 
tfie spaceplane may enable the obviation of the development and procurement of 
v^cles and propulsion systems capable of fewer uses and missions. 

Each of the means toward omnlmissionality which have been stated has Its own 
implications for minimlting costs as well, by contributing to the number of options 
from which the mission configuration can be selected with criteria including 
individual option cost, relative costs and cost-effectiveness. A key point is that 
the flexible, high-performance spaceplane will result in cases where its payload- 
velocity and other performance vdll enable a combination of tasks or missions per 
flight, thereby reducing the cost per task by sharing. 

Let us rxwwk**** a brief summary of trends toward the high retum-on-lnvest- 
ment of omnimisrionality. The intent is to clarify that the means also Imply the 
rechjction of misrion cost. Selection of only the spaceplane "modules" required to 
accomplish the tasks and the avoidance thereby of costly capability-overkill for 
than full-capability misrions is a result, m partial summation: 
o The smaller the spaceplane the larger its payload-velocity after launch by 
the LV; the less the launch cost; the less the resupply cost of spaceplanes 
and their support on orbit; and the more LV types are available, 
o Autonomous recovery and capability of landing at unprepared sites should 
result in reduction of recovery cost by order s of magnitude. This could be 
vital to spaceplane use as a research vehicle for space operations. 





o On>orbit cadieability offers cost reduction by minimizing the round-trips, 

o The use througlhout of current technology reduces development costf 

increases the reliability of costing and reduces rUc. 
s Operational Requbcments Having considered the principal motivations and means 
toward adUeving the omnimissionaiity potential of the small cislunar spaoeplane 
we now consider their implication on operational requirements. We will then 
transform logically these overall operational requirements into the more s pe cific 
design requirements. 

The foremost operational requirement is for full-envelope operation. This 
requires that ^ spaceplane must be capable of cislunar» transatmospheric and 
endoatmospheric flight and operations. Further it is required that the spacepline 
be capabie of fii^t routinely among these three components of the full envelope. 
Thus, on a particular sortie the spaceplane could return from cislunar operatians, 
perform synergistic plane changes followed by operations in low to medium attitude 
orbits, reenter, perform tasks in the atmosphere and then land at an unprepared 
site of the pilots own Choosing. Within this basic requirement, the spac ep la n e 
must have the following specific operational capabilities! 

o Extravehicular activity operations must be routine. The sjnceplane and 
the pilotis environment must facilitate EVA as often as desired ifcring a 
flight. 

o The spaceplane must be capable of autonomous landing safely at an 
austere site of opportunity and must permit final maneuvering for 
selecting the site and performing landing at zero s pe e d, 
o The spaceplane must inherently facilitate launch by launch vehicles 
currently available and available in the future, 
o The spaceplane must be capable of both autonomous operations and 
coordinated operations with otiier space and Earth systems. 

These requirements are in support of operational military doctrine and the 
minimization of the cost of support and flight operations whether military, 
research, commercial, or of other categories. By designing from the outset to 
meet the requirements of autonomous operation the probability of meeting the 
requirement is maximized. It is consistent with miUtary flight operations and the 
need for a large reduction in the cost of operations. Expanding the requifement lor 
cost reduction, the requirement exists for substantial reduction of costs acroM the 
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board from an operational point of view. Thus the spacepiane and its op er a t ion a 
are required to be low-cost on the average relative to other means of a cco m plish- 
ing missions for which it is suitable. Finally, all these requirements must result in 
the capabliity to per f orm as many tasks, uses, or in summary, missions as possible 
in an overall cost-effective manner. 


Con cept ual Design Requirements The design requirements for the spacepiane that 
result from the above discussion and operational requirements are: 

o State-of-the-art systems and technology as the most advanced level but 
lower level technology may be preferred for practical reasons sudi as 
cost. 

o Minimum weight and volume within practical reason, 
o Maximum payload-velocity should be adUeved in spacepiane design, 
o Endoatmospheric energy management balance between the maximizing of 
the lift-to-drag ratio (L/D) and the minimization of drag. This must be 
done with the full con sid er ation that the spacepiane is a cislunar vehicle, 
not a payload-to-ground, intemal-payload-volume vehicle. For example 
the beneficial use of centripetal acceleration during chordal, trans- 
atmospheric passes must be included. The use of propellants for plane 
changes in an optimal trade among weight, velocity losses, aerodyn am ic 
shape, center-of-gravity control for stability and control, and control 
surface hinge-moments/energy requirements presents a design prob l em in 
whidi L/D is only one factor. 

o A reusable restowable aerobrake is required. The aerobrake subsystem 
must be compatible with multiple operation per flight, 
o The landing system must be based on the flying-parachute or Parafoil. 
Landing velocity should be centered on zero-velocity. Redundant Para- 
foils are required lor safety, 
o The cockpit shall be un-pressurized while in space, 
o The spacepiane design will facilitate EVA as a normal routine ope rati on. 
Safe control of the spacepiane shall be maintained by the ^lot while on 
EVA. The spacepiane shall be designed to provide as much assistance as 
possible to the pilot or other s who are performing EVA activity in the 
vicinity of the spacepiane. 

o The overall spacepiane system conflgwation and designs will exploit 
modularity to provide the matimum omnlmissionality and cost-effective- 
ness. 
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shows that aU of the general design req uire ments dtoctme d contribute to the 
omnimissionaUty of the spaceplane. This observ ati on resulted from examining the 
outcome of the preparation of the chert and reflects omnimissionaUty as the 
principal criterion for defining the operational requirements. The bullets indicate 
strongf definiteness in correlation. The Ib^delta v column represents 
payload-velocity- The 0 pel column represents the non-pressuriaed cockpit 
environment. 
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&0 STARSYSTEyOOMW»RATIOIISAra>l>eRPOUIA^ 

«.l SPACE CRUISER GONFIGURA1IOK FOR STAR RESEARCH 

A key result from the analysb of the research vehicle appUcation b that there 
b not a requirement to change the internal layout of the spacepiane from that of 
Figure 2. Abo important b the corollary evidence that should internal changes 
result from developmmt of the vehicle by a major system manufacturer it b 
unlikely that the performance of tee vehicle as a research vehicle would be 
degraded as a result. The need for additional performance capability in tee Space 
Cruiser was evident from tee responses to the research survey. Numerous tasks 
were recommended teat involved joining with satellites. While most satellites are 
in orbits below about 900 miles, it was determined that tee Space Cruiser should 
have the capability to rendezvous with satellites at any altitude, including those in 
geosynchronous orbit. Although external propellant tankage or a propulsion module 
such as the Centaur could provide the required energy to carry experimental 
e<^pment or payloads to reach a higher satellite or satellites it has been a ground 
rule to retain sufficient internal propellant reserves to return safely without 
external propellant. Additional velocity would increase the capability for rescue 
operations as suggested in one survey response. The improvement includes the 
option to use added energy to reduce the orbital maneuvering time by enablii^ 
higher<energy but shorter duration transfer orbits. The input Cruiser configuration 
of Figure 2 b too limited in achieving velocity wite internal propultion. 

There are important dtanges therefore that are recommended to result in the 
STAR spacepiane configuration. The overall entry body teape should be changed 
from tee right-circular cone to the cone-ellipse. A number of significant 
advantages result. Before the advantages are presented it should be clarified how 
tee internal layout is unconstrained by the reentry body change to an «>iiipti<»aii 
cross section. 

The design concept b to design the outer airframe or r e e n try body to overlay 
the inner airframe or substructure which remains conical regardless of the final 
shape of tee outer airframe. The outer airframe can be termed the aeroshell. The 
inner airframe b termed herein, the substructure. The volume between the 
aeroshell and tee substructure b termed the auxiliary volume. 

The principal advantages of the cone-ellipse are tee increase in available 
volume internal to the thermal structure, the opportunity to el i m inate wiiq(s or 
strokes, and an increase in L/D while retaining a low value of drag, perhaps 
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decreasing drag. The elimination of wings or other appendages that aggravate the 
heating problem by creating shock interference and radiation against each other 
appears desirable from a thermal viewpoint. The top-and-bottom symmetry is 
retained sufficiently to permit the Space Cruiser to fly with top and bottom 
windward alternatively. This is not possible with the flat-bottomed, winged 
vehicles which cannot use this method to distribute the heat load or limit local 
heating. 

Aerodynamic control would be accompUshed by the conventional split wind- 
ward flap ^thod. As the alternative to four stroked wings with elevens used in 
the Spaceplane Examination (Reference 1) the number of control surfaces and 
associated drive motors is reduced from four to two. This should reduce weight 
and volume at the aft end and reduce the cost of refurbidunent. The elimination 
of the winged, cruciform configuration will impose greater demands on the 
autopilot in terms of stability control. However, the resultant increase in 
allowable entry velocity would be of great value. 

The other principal, perhaps vital justification for the elliptical cross section 
is the availability Of the auxiliary volume for propellant tankage. This volume 
would be substantially greater than that of the internal spherical tanks. As will be 
quantified, the Space Cruiser operates at the high-slope section of the logarithmic 
rocket equation curve. Therefore there is no way to have too much propellant or 
to reach the point of diminishing returns. High density-impuise propellants and as 
much propellant volume as possible are design requirements. 

The design concept for auxiliary tankage is to use conformal, effectively non- 
pressurized tanks that fill the auxiliary volume efficiently. The fuel is located on 
one side of the aircraft and the oxidizer on the other side. This |»mrides desirable 
separation. The propellants are pump-fed by small electric motor-driven pumps. 
Samarium or other modem magnetic material motors would be used. The pumps 
would be very small, with redundancy. Because there is no need to pump-feed all 
the plug-cluster engine nozzles at once, the motors can be optimized lor 
packaging, reliability, etc. Once in orbit, the thrust level of the PCE is relatively 
unimportant because flight is at low flight path angles, resulting in very low 
gravitational velocity-losses. A small reduction in deiivered specific impulse 
results from operating with fewer nozzies but the advantage of increased available 
energy makes this consideration moot. 

Another reason for the cone-eilipse and the elimination of wii^ is the option 
to design the aerosheil and substructure as a system such that die aeroshell can be 
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removed as a unit readUy and replaced. This feature has several important uses. It 
provides for rapid replacement of the aeroshell when required, eliminating the 
impact of aeroshell refurbishment on Space Cruiser turn<around time. It provides 
the means for conducting research on/with the aero^U without modification of 
the substructure and core vehicle. The internal subsystems can remain intact, 
inspected and untouched while a different aeroshell is attached. It is expected that 
aeroshell replacement would be a fii^t test hanger-compatible operation. Aero- 
shell research would include substantial shape changes, structural research and 
materiab research. 

The availability of auxiliary-volume propellant tarricage provides the oppor- 
tunity to remove the internal, spherical tanks, move the primary ParafoU forward 
toward the secondary Parafoil and install a second seat. The forward seat would be 

for a payload or mission specialist. It would permit adjustments to be made 
on cargo or instrumentation from the second seat while the nose section is folded 
aft alongside. The location of the spherical tanks centered about the Cruisert 
center of gravity allows the additional crew position with no significant change in 
CG location. The two-crew-member configuration can be used for example for 
astronaut rescue . and recovery to earth. When the auxiliary tanks contain 
propellant the CG translates aft. This is unacceptable for entry. Therefore, the 
operational practice would be to use the a uxi l i a r y propellant first, permitting 
subsequent entry with fuU internal spherical tanks and possibly some propeUants in 
the auxiliary tanks. 

The resultant STAR configuration of Space Cruiser is illustrated in Fipire 
a. The evident changes are the low-eccentricity elliptical cross section and the 
deletion of wings. 

6.1.1 Gemtaur-9* 

The performance and effectiveness of the Space Cruiser can be enhanced 
substantially by the addition of a propulsion module. The propulsion module b 
defined as an additional propubion system wi* own rocket engine. The use of the 
wide body Centaur as an example propubion mo(feile with the Cruiser b depicted in 
Figure 3. 

It was analyzed for use witii the Cruiser in the Spaceplane Examination. 
Figure 6 shows the Centaur-SP located in the OrbiterS cargo bay. The nose b 
shown attached normally, however it can be folded as indicated by the dotted lines 
(or removed) to provide an additional cargo bay space approximately 12 feet long. 
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The RL-10 Derivative DD engine was recommended for the Centaur»SP. It 
uses an extendable exit cone and can operate at two reduced thrust levels when 
required. Pumped idle provides approximately 37G0 Ibf and tank-head idle provides 
approximately 150 Ibl. The delivered specific impulse at full thrust of 15,000 Ibf is 
472 sec with a mixture ratio of 5.0. 

6.1.2 Parafoil Perform an ce (References 2 and 3) 

The total recovery weight of the Space Cruiser is conservatively assumed at 
5,000 Ibm for sizing the Parafoil. The steady-state gliding performance with 
Parafoil deployed is given in Figure 7. The ability of the Parafoil to land with a 
velocity close to zero has been demonstrated many thousands of times Parafoil 
sport jumpers and by various Department of Defense system demonstrations. The 
Parafoil is superior to the parachute by the LfD ratio. For an L/D s 6, die Parafoil 
has approximately one-sixth the rate of sink. The flare maneuver is quantified by 
Figure 8. 

6.13 Payload-Maneuverability 

The principle flight performance measures of the Space Cruiser ares 
o Payload-velocity 
o Zero-speed landing 
o Plane change capability 
o Atmosphere penetration 

The basic result of payload-velocity is payload-maneuverability. Payload-velocity 
is the change in velocity, delta-V, that the qaceplane can give to a payload as a 
function of the payload weight and the spaceplane^ configuration. It is the 
normalized measure of payload maneuverability in the sense that the velocity 
available with a given payload can be used in a wide plectrum of maneuvers. The 
choice of maneuver is optional and not the basic measure of vehicle performance. 
The transformation of velocity ir;to typical maneuvers in ^ace is for conc^t 
purposes a handbook matter. We can evaluate vehicular performance compre- 
hensively in terms of payloadrvelocity without loss of generality. Several example 
maneuvers should then serve to present the tr ansf ormation of payload-velocity to 
payload-maneuverability. Payload-velocity is an excellent and revealing measure 
for comparative evaluation of different space vehicles and among configurations of 
a particular space vehicle. 

6.1.4 STAR Spac e Cndae.* Performance The payload-velocity of the STAR Space Cruiser 
is given in Figure 9. The vacuum delivered specific impulse of the Aerojet plug- 
cluster engine with all nozzles operating is 31635 sec. The individual nozzles or 
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Figiure9 STAR Space Cruiser Pftyload>Velocity 

modules have a specific impulse of 311.66 sec with chamber pressure s 188 psia. 
Fuel flow is 0.27 Ibm/sec and oxidizer flow is 0.33 Ibm/sec* for a total flow rate of 
0.60 Ibm/sec. The PCE diameter Is 43.53 in. and its length is 13.88 inches. The 
module thrust is 188 ib and the PCE tiirust is 305&12 lb. . ' 

The total wei^t of the PCE is 85 Ibm. The useable propellant from the 
^erical tanks is 1,300 Ibm. The conformal auxiliary tanks provide an additional 
4,500 Ibm of propellant for the STAR configuration presented herein with an 

elliptical cross-section with an eccentricity of approximately 0.707. Because the 

. . 

auxiliary volume is directly proportional to the semi-major axis of the elliptical 
cross-section and L/D increases with an increase in eccentricity, the auxiliary 
propellant volume is believed to be conservatively estimated. A nose baliast 
weight of 492 Ibm was included, corresponding to no payload in the payload bays. 
This value decreases if a payload Is located in the forward bay and remains 
approximately the same if payloads are located in both bays. 

The maximum delta-V achievable by the Space Cruiser with zero payload is 
8,700' fps. A velocity of 8,075 ^ is provided to a payload of 500 Ibm. This 
corresponds to an internal payload density in the forward bay of approximately 60 
pounds/cubic foot. Of course, tite large payloads would be carried externally. 





6.1^ Cmiaur<SP tatemmoe The payload-velocity performance of the eamh it d 
Centaur-Space Cruiser la given by Figure 10. The wide bo(fy Centaur would be 
modified by re^adng the two RL-tO engines with a single RL-10 Oerlvative OB 
engine. For o v e rspee d entry of the Centaur a lifting aerobrake would be attached 
to the aft end. The lower curve represents the Centaur as a propulsion module 
with the full, wet Space Cruiser as a payload of 10,100 Ibm. The zero-p^load 
velocity is 20,741 fps. This corre sp on ds to a plane change at 100 nmi altitude of 
more than 43 degrees . A velocity of 14,000 fps corresponds to payload delivery 
from an inclination of 2S.5 deg to geosynchronous orbit. It is interesting to nhwirm 
that the Centaur-SP could push the entire Orbiter to a velocity of 3,600 ^ This 
corresponds to a maneuver in which the Orbiter is pushed from a 100 nmi drcular 
orbit to a 300 nmi drcular orbit and back down again to a 100 nmi drcular orbit, 
twice, the Orbiter is then deorbited, the Centaur propulsion module is left in low 
orbit and the Spaceplane b then free to maneuver fully with up to S,700 ^ and to 
return to land *V)n the wing of the Orbiter." The Orbital Maneuverir^ System 
(OMS) engines of the Orbiter were not used. 



a le ss ae 40 sa sa 7s aa sa laonatmaaisdtsdtta 

PRYLOflO HEIGHT (ledB tba) 


Figure 10 Ceniaur-SP Payieod-Velodty 



The upper curve shows the S700 fps velocity achievable by the Space Cruiser 
after staging from the Centaur and the external payload. As a point of comparison 
the Apollo 15 used 28,832 fps to land on the moon and return. It should be noted 
that the addition of another Centaur stage would add approximately 7,000 fps and 
permit substantiai payload delivery to the moon's surface followed by spacepiane 
return to Earth. Return to the atmosphere from geosynchronous orbit requires 
approximately *,700 fps to 6,000 fps depending on n^iether the 28.5 degree plane 
change is done. Landing site flexibility suggests the *,700 fps value for maximum 
payload to geosynchronous orbit. 

Figure 11 combines the three payload-velocity curves, forming a composite 
performance representation. Not shown, but calculated, is the case where the 
Cruiser alone pushes the Orbiter. A velocity of 3*8 fps is achieved with an empty 
Orbiter. This value is insensitive to Orbiter payload and indicates the Orbiter 
rescue capability of the Cruiser. 




&1.6 Grater MmeirarriWItty There ere several points that can be made appropriateljr 
at this juncture about S|Mce Cruiser maneuverability. The literature abounds with 
analyses of optimal maneuvers and charts of standard maneuvers under conditians 
of optimality. Optimality makes sense because delta-V is "hard to come by* in 
space. The Solar Max repair mission showed the very limited maneuverability of 
the Orbiter in terms of velocity and of its attitude control s y s tem. We also saw 
titat it was the man«in-spoce that maneuvered the Orbiter, that operated the 
remote manipulator arm, that retrieved the satellite, that secured the sateliite* 
that repaired the satellite, that operated the arm again, that controlled the 
Orbiter, etc. Man-4n-space is often irreplaceable, just as on Earth and fai the air. 

In this context one of the principal goals of the STAR research program and of 
the Space Cruiser as the research vehicle is to obtain flexibility, as much freedom 
as possible from the constraints of limited hardware performance and designed-bi 
limitations on the astronaut. Another is to explore non-energy optimal, but 
practical nevertheless, maneuvers. 

As an example, consider transfer from a 100 nmi circular orbit to a 300 luni 
circular orbit, m real-life, optimal transfer may mean performing ^ transfer fat 
substantially less time. Rescue may be Involved. The requirement may be to 
rendezvous with an object as soon as possible. 

Figure 12 presents quantitatively the dynamics of the problem. The indepen- 
dent variable chosen is the terminal crossing angle (TCA) where the 300 nml orUt 
is intersected. This angle is the angle between the local horizontal at the point of 
intersection and the Space Cruiser's velocity vector at the intersection. The values 
of the injection velocity beginning the transfer and the insertion velocity required 
at the intersection of the 300 nmi orbit are plotted as a function of TCA. These 
velocities are summed in the curve labeled Total Oelta-V. The time duration 
required to perform the transfer is also plotted as a function of TCA. 

The origin values cor r espond to the two-impulse Hohmann transfer in which an 
insertion velocity of 3b9 fps is applied horizontally, followed by an insertion bum 
of 304 fps at intersection, for a total of 693 ^ The defta-time is 43.S9 minutes. 
If a TCA of 2 deg is used, the time is reduced by 13.7 min. The added total 
velocity is 681 fps, for a total of 1,374 ^ A TCA of 3 deg results in a transfer 
time of 13.9 min or approximately 35 % of the Hohmann transfer time. The total 
delta-V required to transfer is then 3,327 fps. This value is well less than half of 
the maximum velocity of the Cruiser. The Cruiser could therefore return in the 
same time as well, and have am|4e propellant lor deorbiting and reentry, fci this 
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case the total time used in the double transfer is 32 min. which is approximately 
1/3 of one complete orbit. Thb example of a non-optimal maneuver is intended to 
remind us how important it is to design the manned spaceplane for the maidmum 
possible delta^V and at the least weight so that the LV can permit the largest 
possible propellant load and/or payload weight. 

6J2 PeACEKEEPeR.SPPeRPORMANCE 

The performance of the three-stage MX Peacekeeper booster as an LV for the 
Space Cruiser is indicated in Figure 13. This graph plots the terminal velocity of 
the LV as a function of throw weight. The trajectories run as the source for tMs 
graph were terminated at an altitude of fO nmU A non-rotating earth was 
assiuned. This corresponds approximately to polar launch. A velocity of 
approidmateiy 1,350 fps should be added to the terminal velocities of Figure 12 for 
the case of east laundi from a latitude of 28.5 deg. The coast period between the 
second and third stages was allowed as a free variable in achieving final flight path 
angle. The coast times shown are a s socia ted with a burnout flight path angle of 
zero d^rees. Results were also obtained for a burnout flight path ai^ of too 
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Figure 13 Pnodceeper-SP P erfor ma nce 


degrees. The velocity versus throw-wdght curve remained essentially the same. 
However, the coast times differed stdMtantially. The transformation is 78.5s36.7, 
83:59 and 88.6:62.6 secoiKb. 

The Peacekeeper, without its post-boost vehicle, is capable of boosting the 
Space Cruiser to sufficient trajectory conditions that the Cndser can be staged and 
reach orbit with propellant remaining. Thb b evident regardless of propellant 
loading in the audliary tanks. 

With no auxiliary propellant, the wet, manned vehicle weighs approximately 
5,600 Ibm and the LV provides a staging velodty ot 29,000 fpi phis the com p onen t 
of the Eartfib rotational velocity at the btitude involved. The 5,600 ftm Space 
Cruiser has then a maximum delta-velodty available of approximately 2^50 fps. 
if propellant were added to the two p^rload bays, the vehicle would weigh 6,290 
Ibm and would be capable of 3,700 fps after staging, if the spherical tanks and the 
auxiliary tanks are full the vehicle would weigh 10,100 Ibm and be of 8,700 

fps. 

A total velocity of 29,000 fps plus 2,650 ^ or 26,500 fps b available ^lus the 
Earthb rotational component) at a LV throw weight of 5,600 Ibm. Smilarfy, a total 

51 








w 

i 

Sp* 




velocity of 20,300 fps plus 8,700 fps, or 29,000 fps is available with the spherkaU 
and auxiliary tanks fuU. Clearly the staging ratio is sufficiently far from optimal 
that the Space Cruiser does not reach the point of diminishing returns in terms of 
increasing the fuel load* 

Human tolerance and performance under the specific conditions for launch by 
the Peacekeeper as an LV have been studied during exposures to multiple, 
sequential * GX acceleration pulses peaking at 3, 8, and 9 GX in support of the 
continuing examination of the Space Cruiser concept. Ihe experiments were 
performed by the Air Force Aerospace Medical Research L a bor a tory, Aerospace 
Medical Division, Wrigkt«Patterson Air Force Base. The main findings showed the 
profit to be well^tolerated physiologically. The complete findings are reported in 
AFAMRL-TR>8M)12, dated February 1988 (Reference 6). 

63 AIRBORNE LAUNCH VEHICLE 

As introduced in Section S.2.2.2, the launch of the Space Cruiser from a 
Boeing 787-200F appears feasible and operationally attractive. The 200F model is 
configured and structured to be a freighter with significantly peater payload 
wei^t capability than the passenger models. It is feasible to lift well over 300,000 
Ibm with a 200F. Fuel is offloaded to enable the maximum payload lift capability. 
It b assumed that the USAFb operational in-flight refueling system would be added 
to increase range, duration and payload. 

The ALV with its spaceplane<s) payload b attadted to tiie 787-20QF underneath 
the aircraft, between the main landing gear and the nose wheeL The landing gear 
must be extended vertically approximately 8 feet to accommodate the ALV. The 
extension concept b to attach a streamlined pylon assembly to each wheel well and 
attadt the standard landing gear to the pylon. It will probably be unnecessary to 
raise the gear. Fixed gear would be the Amplest. Thus, the aircraft would be 
raised approximately 8 feet and the ALV and die Space Cruiser would be very 
accessible from the ground. The launch aircraft also serves as the carrier aircraft 
in transporting the ALV and its ground and airborne support equipment. Indeed the 
concept b that the aircraft would be the complete servicing, tr an sportation, launch 
and control facility. The crew, office, flight test instrumentation, computers, etc^ 
would be contained in the aircraft. For launch, ground support equipment, ground 
crew, etCn are offloaded to minimize take-off weight. 
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The ALV concept is indicated in Figure U and supporting data is p r esen ted in 
Table 1. The ALV is shown «dth RP>1 Iiie4 how ever , improved p erfor ma nce and 
logistics would result from the use of pro p ane Oj te ference 7). The dimensions are 
given in feet* | 

Each strap-on b ooster would be recoverable Vilh a Parafoil and the final stage 
would be designed to be a stage-etatlon, dli i awsed in Section 5*2.2.% as a 
modularity option* When the payload weiglit prei^ts insertion of the stage, engine 
restart could be used after Cruiser deployment tolprovide the velocity maneuver to 
the final orbit* In this regard, operation of thej RL-10 at pumped-idle conditions 
with a thrust level of approximately 3,700 Ibf {might be best from an attitude 
control aspect* j 

The Space Cruiser serves as its own final sta^ and could provide the guidance, 
navigation and autopilot functions during launch* The use of the basically 
production en^nes on the ALV would decrease development time and cost greatly* 
The conversion of the Titan first stage engines to the liquhf oxygen and propane 
propellants is discussed in Appendix C* | 
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TABLE 1 

AIRBORNE LAUNCH VEHICLE DATA 


Gross lift off weight, Ibm 

322,117. 

ADDITIONAL STAGE DATA 

STRAP ON STAGE (Two barreb) 

STRAP ON STAGE 

Gross wt, Ibm 

116,374. 

0 f/wt @ ignition s 3.85 

Prop wt, Ibm 

100,000. 

0 f/wt @ shutdown s 6U)1 

Prop Mass Fraction 

.S59 

o Parallel bum with Stage I 

Ave bp, sec 

302.7 

o bp altitude s 295 sec 

Total Bum Time, sec 

57.8 

0 bp vacuum s 310 sec 
0 MR s 2.25 aoX/RP-1) 

STAGE I 


STAGE I 

Gross wt, Ibm 

163,580. 

0 f/wt @ ignition s 3.85 

Prop wt, Ibm 

141,321. 

0 f/wt @ shutdown = 3.79 

EVop Mass Fraction 

.864 

0 Parallel bum with strap^m stages 

Ave bp, sec 

302.7 

o altitude = 295 sec 

Total Bum Time, sec 

163.4 

o bp vacuum s 310 sec 
0 f/wt <3 stiap-on separation s 1.32 
0 MR s 2.25 aOX/RP-1) 

STAGE n 


STAGE n 

Gross wt, Ibm 

27,163. 

0 f/wt (§ ignition = 3.56 

Prop wt, Ibm 

22,703. 

o f/wt @ shutdown s .745 

Prop Mass Fraction 

.834 

o MR s 5.0 (L 0 X/LH 2 ) 

Ave sec 

472. 


Total Bum Time, sec 

693.0 



PAYLOAD 15,000.* 

* Total Payload Oelta-V = 25,607 ft/sec 

airlaunch at hs30 kft, flight path angle s 0 deg 
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7J0 STAR DEVELOPMENT AND RESEARCH PROGRAM PLAN 
DEVELOPMENT PHASE 

The principal results required in the consideration of the deveioproent phase of 
the STAR program were the estimated overall scheduling and costs. The approach 
used was to coordinate with the contractors which had supported the Spaceplane 
Examination study (Reference 1). Each cont ra c t or knew the Space Cruiser 
conceptual design well and especially the subsystem for whkh the contractor was 
responsible. Each was asked to provide an estimate of the time required from work 
start to delivery of the first system^) for installation in the Space Cruiser. Costs 
and delivery are discussed in Section S.O. A total of six dtipseb were planned. 

The subsystems were the Environmental Control and Life Support Systemt the 
propulsion system including the propulsion components for the attitude control 
system, and the complete avionics system. The ground rules included the 
assumption of a researdi type development program procedure similar to com* 
merdal development, ROM qutiity estimation and being reasonably conservative. 
Each contractor estimated first delivery in approtimately two years. This period 
was also considered reasonable for the soft-tooled aeroshell and the sid>structure 
which would be soft-tooled if non-metallic or prototype tooled if metallic. It was 
further estimated by each contractor that a flight test program of approximately 
one year would be required after initial delivery. The flight tests were focused on 
launch from tiie NASA Orbiter and Orbiter availability was assumed. The small 
size of the Space Cruiser and the capabililty to remove its nose section was used as 
the basis for assumption of the availability of the Orbiter. The priorities and cost 
waiver rights of NASA for research payloads are potential advantages for the 
STAR research vehicle as an Orbiter payload. 

The Space Cruiser does not fly in a range of speeds from slightly over 
transonic to the speed of an ultralight aircraft. After the deceleration drogue is 
deployed and until the Parafoil is disreefed the Cruiser is stabilized and deceler- 
ated by parachute. Therefore, flight tests concerning flight and sid>system 
performance over this speed range are not required or postible. Further, there will 
be no landing gear tests because there is no landing gear. The small size of the 
Cruiser suggests that an inexpentive boiler-plate version be used for landing tests 
and training. Training can also be done with available flying parachute configura- 
tions. It would be undesirable to land on a paved runway. There is no apparent 
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requirement for expensive special tracking and control facilities near or at a 
landing she. 

One of the most important flight test objectives is to verify the degree of 
autonomy that can be permitted the Space Cruiser with respect to ground support 
and controL Autonomy will reduce the cost of operations. On the other hand, h is 
necessary to obtain sufficient data and other results from the flight test opera* 
tions. Therefore, a higher degree of autonomy is expected in operations subsequent 
to completion of the Space Cruiser developmental flight tests. 

The wide spectrum of research and technology tasks identified during this 
study suggests the Space Cruiser system configuration be versatile, modular and 
re^xxisive to various internal and external payloads and test needs. It seems 
appropriate therefore to begin the discustion of the deveiopment and research 
program plan with the presentation of the overall functional configuration of 
system operations from which specific recommendations can be derived and tite 
available alternatives clarified. 

7.1.1 System Operations Plan 

The functional operation of the Space Cruiser in a total-system sense has been 
developed during the study. In striving for the goal of great versatility, or 
omnimissionality, the manned vehicle must be zs small as is practical, have as 
large a payload-velocity product as is practical with modem technology, and use 
modularity to adapt to the needs or missions as cost-effectively as possible. The 
question then arises of what constitutes the total system. How does it all fit and 
work together? What is the system configuration as a function of researdt 
mission? What is the system configuration as a function of development and need 
priorities? 

Consideration of such questions of the development, use, interactions, 
missions, etc., from the overall operations system vie^int can be aided with the 
block diagram of Figure 15. The star^g points are the ELY Launch-Boost block 
and the STS Laimch-Boost blodt. The usual finish point for the Space Cruiser b the 
Cruiser Facilities/Payloads block at the lower left. The primary focus of the 
diagram is on the Missions block. This block is double-boxed for emphasis. A 
secondary focus is made on the Stage-Station Operations block which is also 
double-boxed. 

Observe tiiat from the Missions block the Cruiser can return to the surface, 
return to tiie Orbiter, be cached on orbit or rendezvous witii a stage station. 
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Observe also that the Cruiser could enter the mission with internal propellant, 
external propellant, or a propulsion module boost whether launched by the Orblter 
or by an ELV. For simplicity the ELV term is intended to include the ALV, with 
which it is planned that only one st^e is expendable. Misdons can be entered 
while in ^>ace or following a synergistic maneuver witit a clean conl^uration. It is 
important to observe that die Orbiter is typically free to perform other 
missions/tasks indepe n dent of the Cruiser. The block parallel to the CruiseKs) 
Oeploy/Load block represents this c^Mbility. 

The CruiseKs) Deploy/Load Mode represents that iq> to an estimated 8 
Cruisers could be carried in the Orbiter*s cargo bay and that Cruisers can be 
deployed and recovered or loaded in space (as the Solar Max Satellite). The 
parallel paths for vehicle recovery and handling of payloads are indicated in the 
lower left portion of the diagram. 

The Data Link shown at the top of die diagram c o n n ect s the Space Cruiser 
operational system with a selection of participants. Clearly, the autonomous 
performance capability or mode is only one mode of operation. 

Once on-orbit, the stage stations can be operated as satellites ind epen d en t of 
Space Cruiser operations and may pay their own way. Stage stations add a new 
dimension to the ddmte b e tw e en expend^le and reusable launch vehicles, namely 
the indefinitely reusable final stage. For completeness, it b recognized that stage 
stations without their propulsion systems other than attitude control could be 
deployed by the Orbiters. They may also be used as an interface b e t ween the 
Space Cruisers and dte future NASA space station. 

7.1.2 Flight Test Configuration 

The Space Shuttle is recommended and explained herein as the initial launch 
vehicle for the Space Cruiser flight tests. The Orbiter can provide die types of 
built-in support and control in Space Cruiser operations analogous to those U.S. 
Navy aircraft carriers provide for the Fleet Air Wings. The proven reliability of 
the man-rated Shuttle, its unique capability for on-orbit support and if required, 
recovery of the Cruiser result in the lowest risk factor and the maximum flexibility 
in achieving the flight test objectives. 

Analysb of the 1984 Outside Users Payload Model report (Reference 8) and 
discussions with NASA and Battelleb Columbus Laboratories revealed that the 
Shuttle b available for Space Cruiser flight tests during 1987, 1988 and 1989. 
There are several payload openings on scheduled flights. There are also several 
payloads with a sufficiently low probability of flight that it b reasonable to expect 
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additional availability during the above time period. It is recognized that if actual 
Shuttle flight rates are sig n i fic a n tly less than planned, consolidation of flight 
payloads may delay the Space Cruiser flight test operations. On the other hand 
there are reserve capacity opportunities in the form of currently unscheduled 
flights as well as the less-than-full cargo flights. The o^Mitunity to obtain space 
tends to decrease as the flight date approaches. The option's tend to close 36 to 24 
months prior to flight as progress payments for payload space are received, payload 
integration becomes well under way, etc. 

Following the developmental and verification flight testing of the Space 
Cruiser itself would be further developmental flights from time to time for the 
purpose of expanding its capabilities and configuration. For exampie, the intro- 
duction of the MX booster as an expendable LV would require flight testing with 
the Cruiser as its payload prior to its use as a STAR program LV. The integration 
of any propulsion module, such as the Centaur-SP discussed in Section 6.1.1, would 
also require flight testing before operational STAR use with the Cruiser. The 
current Centaur family of upper stages represents an available propulsion module 
source for the Cruiser. The NASA Centaur G* (G-Prime) is a wide4iody u pper stage 
with 46,000 Ibm of propellant. It has two RL-10 engines and is planned to fly twice 
in May 1986. Two Orbiters will be used to meet laundi window constraints. The 
Centaur G differs primarily from the G' in propellant load. It carries approxi- 
mately 30,000 Ibm of propellant. It will be launched in a DoO shuttle in 1987. The 
development of an ALV and the potential stage station are additional examples of 
configuration changes to the STAR system that will in themselves require flight 
testing with the Cruiser prior to operational use. A key conclusion or point to be 
made is that the developmentai effort would rise and fall as the configuration and 
performance expand. Concurrent development and STAR operations would result 
after the flight test verification of the basic Space Cruiser is complete. Extrap- 
olations through the lifetime of the Space Cruiser are beyond the scope of this 
brief study. In this context the report emphasizes the flight test of the Cruiser 
itself to the point when it can first be flown on operational flights in the STAR 
program. 

7.13 Flight Tests 

Subsequent to validation and verification of the Space Cruiser systems and 
subsystems and integration tests, the foUowing tests would provide the basis for 
certifying die Cruiser for STAR. For context with the eventual overall operations 
the development tests are presented with implicit reference to the overall 

operations plan of Figure 15. Here die mission is to flight test the Cruiser. 
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The Space Cruiser is loaded into the Orbiter*s cargo bay where it is held with • 
cradle. The nose will be detached but mounted in a position similar to the f oidH 
position with normal connections between the nose and the aft or main body. 
Cruiser chedc-^iut is enabled using the Cruiser*s on-board power while the nose 
section is connected but detached. Nose detachment reduces the cost of launch, 
simplifies the structural dynamics problem during the Shuttle launch environment 
and provides experience with handling of nose sections in the cargo bay. 

When on-orbit the pilot or payload specialist attadtes the nose to the aft 
section. Options diould be provided to attach die nose while the Space Cruiser is 
held in its cradle support structure as transported to orbit and also after the 
Cruiser is rotated to the deployment angle at or close to perpendicular to the 
Orbiter's longitudinal axis. 

When deployed, the Cruiser will und^'go final system diedcout while in the; 
vicinity of the Orbiter. The relative location will be selected to enable the orbiter 
to recover the Space Cruiser should the need arise. 

After diedcout the Cruiser is deorbited to pass throu^ the upper atmosphere 
in a diordlike-arc. After atmospheric exit the Cruiser is maneuvered to the 
vicinity of the Oriiiter for inflection, data reduction and rendezvous experience. 

If rec|uired, the Cruiser is returned to its cradle for servicing or return to 
Earth after die Orbiter*s other tasks are completed. If its systems are normal the 
Cruiser reenters the atmosphere for further aerothermodynamic and control 
system tests. It then either returns to the Orbiter as before or completes the 
recovery flight path to a landing. A key point is that the Orbiter provides the 
capabUllty for on-orbit inspection, checkout, repair and if required, recovery of the 
Space Cruiser. 

The Orbiter performed its complete flight profile from launch through landing 
during its first space flight. The Cruiser should be capable of performing launch 
through landing on its first flight also. However, support by the Orbiter 
increase the number of tests and objectives met per flight and increase flight 
safety. The Orbiter may be able to provide computer and communication s*ipport 
and backup. Its location at a higher altitude and in the vicinity of the Cruiser 
offers a unique opportunity for support on the global basis of die flight test 
program. The flight tests of the Cruiser as a free fiyer could be accomplidied over 
a period of days to allow time for intermediate evaluation of system and test data 
and for corrective action or adjustment. 
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Determination of the number of flights required to confirm full operational 
status depends upon the specific design of the Space Cruiser, the modular or other 
changes planned the Cruiser system, the measure of maturity and the portion of 
the performance envelope in which operational status is required. It is planned 
that research and technology tasks will be accomplished concurrently on a 
relatively lower level of priority during the pre-operationei flight program. 

Should the need arise for accelerating the schedule, a substantial improvement 
would result from deploying two or more Space Cruisers from one Orbiter. The 
multi-day normal operating flight duration of the Orbiter would facilitate this type 
of test operation. It is possible that after several Orbiter flights with one Space 
Cruiser per flight it would be cost-effective to dedicate one or more Orbiter 
flights to carrying two or more Space Cruisers. 

It is clear that the Space Shuttle is capable of excellent, unique support to the 
Space Cruiser flight test program and sid>sequently to the STAR operational 
program. 

7.2 STAR RESEARCH PROGRAM 
7.2.1 Plan Compo siti on 

Stated succinctly, the STAR program plan is to acquire and operate a limited 
number of Space Cruisers with an evolutionary, modular configuration to perform a 
wide variety of research and technology tasks for a wide range of beneficiaries 
that includes the military, the aerospace industry, government agencixis and 
national laboratories. 

This report has presented the configuration, performance, system operations 
and other information that constitute much of the STAR program plan, bi this 
context, the planned STAR vehicle conceptu^ design compiles with the design and 
operations logic plan developed in Section 5.0 and is based strongly on the input 
configuration resulting from previous studies as presented in Section 3.0, the 
Spaceplane Background. Modification of this input configuration improves its 
performance for the STAR program dramatically. The planned modifications are 
presented with the resulting performance estimates in Section 6.0. The balance of 
the overall modular system, which includes for example laundi vehicles and 
additional propulsion, is presented in Sections 5.0 and 6.0. The planned full-system 
operation configuration is block diagrammed and discussed in Section 7.1. Many 
potential STAR researdi and technology tasks considered important by members of 
the aerospace industry, the Air Force, etc. are presented in Secticn 4.0. The 
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linkage betwee n the research tasks and the STAR Space Cruiser configuration is 
presented principally In Section 5.1. The operational p rocedures for use In flight 
testing the STAR research vehicle are pr es ent e d in Section 7.1 These operational 
procedures and the associated configuration with the Space Shuttle as the launch 
vehicle are planned to continue during and to define the first phase of the STAR 
program. The second phase of operations includes the MX booster as a launch 
vehicle. The third phase is ce nt ered on the incorporation of the Centaur family of 
upper stages as propulsion modules for the Space Cruiser to extend its performance 
at all altitudes through the geosynch r onous orbit and if required, to lunar missions. 
The fourth phase of the program plan is defined by the use of an airborne launch 
vehicle as presented in Section 6.3. The fourth phase also includes the use of the 
stage stations which are presented in Sections 5.2.2, and 6.3 and 7.1.1. 

7JL2 STAR Progr am Phases 

The principal phases of the STAR program are as follows: 

Phase I - Low to medium altitude orbital and transatmospheric STAR ope^ 
tions with the Space Shuttle as the launch vehicle 
Phase n - Introduction and use of the MX booster as a complementary launch 
vehicle 

Phase m • Introduction and use of the Centaur upper stage as a propulsion 
module for all orbital altitudes in cislunar space 
Phase IV - Introduction and use of the airborne launch vehicle system and 
associated stage stations 

It is estimated that as a research program: 

Phase I STAR flights could begin as early as 3 years after initiation of Space 
Cruiser development. Phase n flights could begin as early as 4 years from 
initiation of Space Cruiser ttevelopment. Phase ID flights could begin as early as 5 
years from initiation of Space Cruiser develq>ment. Phase IV flights could begin as 
early as 5 years from initiation of Space Cruiser develq>ment. 
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MTRODUCnON 

To obtain a Rough Order of Magnitude (ROM) estimate of costs for the Space 
Cruiser, several a fro s p ofi^ corporations familiar with the spaceplane and govern- 
ment agencies were siweyed. Cost estimates were received for propuision* 
avionics, and Env ir on me ntal Control/Life Support System (EC/LSS) subsystems. 
RRD and Life Cycie Costs (LCC) of several programs were evaluated. Several 
pertinent type studies were reviewed for program cost estimates. Cost estimation 
in these various reports varied widely, primarily in view of the different methods 
of calculation in each program's cost estimate. 

To determine cost estimates for the Space Cruiser, various factors were 
considered. Maximum use of off-of-the-shelf or modified GFE hardware was used 
which provided as realistic cost estimates as possible. The design of the Space 
Ouiser in itself permits certain cost-savings to the R&D Program. Spe cific 
examples aret 

o Shape simplicity (Cone-EUipse) 

o Recoverable and reusable 

o Small size and weight 
o Launch vehicle/platform available 
o Subsystems not required in Space Cruiser: . 

- Landing gear system 

Ejection seat system 

Wings and associated control surfaces 

- Vertical and horizontal stabilizer 

- Hydraulic system 

Autopilot below approximately Madi 1.2 

The Space Cruiser is to be developed and constructed as an experimental vehicle 
without NASA-type programmatic constraints. 

Although the above subsystems will not be required, the Space Cruiser, as an 
operable vdiicle, will be an integration of the following subsystems and equipment: 
o Thermal protective system (TPS) 
o Lift control surfaces or flaps 



o 

ec/Lss 

fi 

0 

substructure amd aenaihr 11 

5! 

o 

Ballast 


o 

Electric power 

•A 

o 

Avionics and communications 


o 

Controls and displays 


o 

Recovery system 


o 

Propuhion/attitude control 


o 

Pilot/couch 




Improved cost estimates for these subsystems can be definhized after the Space 
Cruiser configuration is known in gr ea ter detail. The cost estimates received in 
this survey, which were of value in establishing the estimated costs for the S pa ce 
Cruiser RdO> Program, are reported betow. 
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S.2 COST SURVEY RESULTS 

512.1 Avionic Gael E st ima ie s 

Cost estimates were provided for the baseline avionics subsystem escept for 
the RF portion of the tetemetry/command system and the auxiliary power system 
(including the batteries). The scope of the costing figures includes all non- 
recurring engineering, all hardware, software, flight equipment and data suitable 
for conducting an avionics flight test program with the Space Cruiser. Total 
program costs, with progr e ss payments, were estimated at $130M. Conversely, 
total program costs, with pqrment on delivery was estimated at $160M. 

8.2.2 Environmental Control and Life Support System (ECA.SS) Cost Estimates 

Non-recurring costs associated with the ECA.SS, pilotis couch, codq>it con- 
trols, the 8 PSI EMU to be worn by the pilot, and groimd support equipment for 
recharging vehicle fluid systems were estimated at $10-15 million through qualifi- 
cation. The cost estimate for each shipset, in low quantities, was $6-10 million. 
These are ROM costing figures. 

8.2.3 Repulsion Cost Estimates 

Cost estimates for each Space Cruiser included: 

1. 18 PCE module units rated at 188 lbs of thrust each 

2. 10 ACS module units rated at 15 lbs of thrust eadi 
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3. One fuel tank 
One oxidizer tank 

3. Fuel lines and manifokb 

6. The cost of vacuum testing of a water«cooied test piug, 

7. For integration purposes, the cost of a propuision system modcup 

The first shipset was estimated to cost $5 million (1983^ and $20 million 
(1983$) for five additional shipsets. The cost estimates include assembly and 
preparing shipment to Tullahoma, Tennessee for operation under vacuum condi- 
tions. Delivery of the first shipset would occur 28 months after program initiation, 
the second shipset a year after acceptance of the first dUpset, and additional 
shipsets at three month intervals after the second shipset is delivered. The mock- 
up would be available 18 months after program initiation. 

UZA Launch Vehicle Cost Estimates 

There are many financial considerations in using the STS to transport payloads 
to orbit. For eadt laimch, or as in the Space Cruiser research vehicle program, a 
series of launches, a number of combinations of services (launch alternatives) are 
available. Combinations of standard servlMS, optional flight systems, optional 
payload related services, ^>ecial fees, and reimbursement schedules can result in a 
different price and cash flow. Further, because the Space Cruiser could support 
NASA in payload deployment, servicing, repair, inspection and retrieval it is logical 
to expect that NASA or the non-NASA payload organization would reimburse the 
STAR program for such services and support. The STS reimbursement procahires 
stated in the ^>ace Transportation System Reimbursement Guide (Reference 9) 
applies to all non-U.S. Government and civil U.S. Government users. It does not 
apply to Department of Defense users. Though the transportation price is charged^ 
there is no added 'Hise fee” charged to U.S. Government users. A shared-flight user 
will pay a percentage of the dedicated-flight price, based on either payload weight 
or payload length, whichever results in the larger payment. Folding or removing 
the nose of the Space Cruiser would therefore result in a substantial cost saving. 
The launch reimbursement is a function of the required orbital inclination as weU. 
It would not be necessary to require additional Orbiter altitude or velocity in 
transporting the Space Cruiser. Charges for such Orbiter performance changes 
would therefore be avoided. Another consideration that would be subject to 
negotiation would be occasions of recovery, i.e. transportation of the Space Cruiser 
and its payloads back to the Orbiter*s landing site. 
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An estimate of the charge factor can be made based upon the Guide as 
foilows. The payioad length is estimated as the Space Cruiser length with nose 
removed plus two feet, or approximateiy 16 ft. The load factor is tlnis 16/60 s 0.27 
and the charge factor is 0.27/0.7S s 0.333 for launch with an inclination of 2S.3 
deg. If tile charge factor is based oi? payload weight then the load factor is 
10,100/65,000 s 0.1556 and the charge factor is 0.1556/0.75 = 0.207. Comparison 
of the length derived and weight derived charge factors indicates the large cost 
reduction that would result from designing the Space Cruiser to be installed in the 
cargo bay in a vertical or nearly vertical position. The cost savings would be as 
large as 0.355-0.207 s 16.S% of the full 100% dedicated price of launch. 
Equivalently, an increase in price of 71.5% occurs if the price is changed from the 
weight criterion to the length criterion and the length used is 16 ft. 

Special consideration is given to users having an experimental, new use of 
space or having a first-time use of space that has great potential public value. 
This is called an exceptional determination. An STS exceptional program selection 
process is used to determine which payloads qualify, m all cases, the NASA 
Administrator has final authority in the decision. 

The non-DoD dedicated users price is $71 million in 1982 dollars in the period 
of fiscal years 1986 throu^ 1988. The OoO dedicated users price is $57.8 million 
in 1983 dollars. This price b expected to rise to a value between 60 and 100 
million for years past 1988. The launch cost for the Space Cruiser is estimated to 
be between $12 million and $26 million depending on whether the length or the 
weight criteria are used and whether the non-DoD or the OoD rates apply. As we 
have indicated there are other factors which cannot be determined at this time. 
These may raise or lower the cost. Note that if two or three Space Cruisers are 
transported in the same length of bay tiien the cost per Space Cruiser is reduced 
substantially, at least from the length criterion to that of tim wei^t criterion. 

The purchase price of a MX booster as a LV is eiqwcted to be between $3.5 
million and $12 million in current dollars depending upon production quantity. The 
lower figure corresponds to a very large production quantity and must be 
considered very unlikely. Perhaps the only case in which such a large buy would 
obtain would be one where the SOI were to use the MX booster as a LV for orbiting 
a large network of low altitude satellites. 

Advantages of the Orbiter as a LV include its capacity fon carrying an 
additional pilot for the Cruiser, carrying large amounts of additional propellant in 
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Cruiser external type tanks and in carrying payloads for the Cruiser. The potential 
launch cost savings and the on-demand and inclination flexibilities are advantages 
of the MX booster. Coordinated laimch of two boosters* one with the Cruiser as a 
payload and the other with Cruiser payload or propellant may preserve launch 
flexibility while increasing misdon flexibility through additional payload or propel- 
lant. Rendezvous and docking would be required. Clearly titere are numerous 
options possible for use of the MX booster in individual and multiple launches and 
in combination with the Shuttle. At this point it seems evident tiiat the MX 
booster stack is a viable cost-effective candidate as a LV in the Space Cruiser 
system. Many questions arise with respect to the adaptation and cost of the MX 
booster system as a LV for the Space Cruiser. For example: Should str^>-on 
motors be used to increase its payload capability to orbit? What are the 
implications of man-rating the LV? How much weight is required to attach the 
Cruiser to the LV? Can the high-cost ICBM guidance system be replaced with a 
simple* low-cost system? Can the Space Cruiser's guidance system substitute for 
the LV guidance system? What are the costs and sharing of the launch operations* 
facilities and equipment? Discussions with industry during the study indicated that 
the MX booster should be considered. 

Launch services* but not Orbiter launch costs were considered in the costing 
information of a Centaur launch vehicle. The Centaur "G" was estimated to cost 
$32M (19S4$) and the Centaur-SP* with a single RL-10 engine* was estimated to 
cost $27M (1984$). m some cases the Centaur would be recovered. 

8.2.5 Parafoil Costing Estimates 

Atmospheric drops of a "boiler-plate” Space Cruiser by helicopter would cost 
approximately $250K (1984$) for five drops at the Pasa R<ri>les test range in 
California. To conduct tite tests at a military test range would cost as much as 
$500K (1984$). 

REFERENCE COSTS 

SJi.1 X-15 Program Costs (References 10 and 11) 

Although the X-15 Program occurred 20 years ago* the similarity of that 
program to the proposed Space Cruiser R&D program makes it more directly 
comparable than any other program. Both are manned vehicles with redundant/ 
emergency systems and are relatively small airframes. A total of 27 X-15 flints 
were flown in 1964 at an average cost of $602K (1964$). This is equivalent to 





$1»906»874 in 1984 dollars. Table n reflects the initial X*15 Program co sts that 
have been inflated from 1964 to 1984 dollars. As noted earlier in this costing 
dtscussion» several of the X«15 subsystems are not applicable to the design of the 
Space Cruiser. Table in projects a cost per pound (kilogram) of selected X-15 
systems. Note that die Space Cruiser is approximately one half the length of the 
X-15 and has a dry weight of approximately <xie-third the dry wei^t of the X*15. 

8.3.2 Shuttle-Launched Resea rch Vehicle (SLRV) ftogyam Costs 

A cost-benefits analysis of the SLRV concept technology development planning 
was conducted by NASA usng two classes of vehicle. The primary difference 
between the two programs depicted in TABLE IV is the Navigation* Guidance and 
Control Subsystems of the SLRV. The SLR Vs are smaller than the Space Cruiser 
and are unmanned (Reference 12). 

8JL3 Maneuvering Reen t r y Research Vehicle (MRRV) ftogram Costs 

Preliminary MRRV lifting-body research vehicle cost estimates were devel- 
oped for acquisition and five years of operational costs. Historical data from the 
X-15 and HiMAT programs were the basis for the angineering labor costs shown in 
TABLE V. Manufacturing hours were based on hours per pound for each type of 
construction. The MRRV is comparable to the Space Cndser in length and weight 
but is unmanned and has a substantially more complicated* flat-bottomed winged 
lifting body shape (Reference 13). 

8.3.4 Tr anaa tmoapheric Vehicle (TAV) ftegram Costs 

Life Cycle Cost (LCC) estimate for the TAV were generated by vehicle 
contractors based on the following scenario: 
o 1995 Initial Operating Capability (IOC) 

o 50 vehicle fleet 

o 1995-2115 (20 year) operational period 

o 100 flights per year 

o 10 bases 

o 1983 dollars 

The TAV is a large lifting-body reentry vehicle and is launched with its own 
launch vehicle. The TAVs require tedmology advances* are very large in 
comparison with the Space Cruiser and are manned. Due to the large uncertainties 
of the vehicle concept definition* at this early stage in tiie program the cost 
estimates of the progr?'m (excluding payloads) varied greatly as follows: 
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83$ 

84$ 

DDT&E 

$5-15B 

$5.1-15.2B 

Vehicle Production ft Facilities 

$25-40B 

$25.4-40.7B 

Operations 

$10-30B 

$10.2-30.5B 

(Cost per flight s 

$5-15M 

5.1-15.2B) 

Total LCC 

$40-80B 

$40.7-81. 3B 


These data were provided from Reference 14. 

SjI COSTSUMMARY 

Cost avoidance can be realized relative to other vehicle concepts in the Space 
Cruiser R&D program because subsystems normally used with vehicles are not 
required and because off-of-the-shelf subsystems and components can be used, the 
cost estimates reviewed in the survey and study evaluations are quite different due 
to the size of programs evaluated and costing m ethodology used. The TAV study 
concluded that a uniform cost analysis must be established for determining the cost 
of the TAV^ because there were so many uncertainties in cost data generated by the 
contractors at this early stage of TAV definition. Vehicle and concept data were 
shown to be needed in conjunction with historic^ costs of spacepiane programs in 
generating a uniform comparison of TAV concepts and configuration types. It would 
seem appropriate to npt to cost out the Space Cruiser with the resultant 
uniform procedure for a relative measure of cost with the TAV. 

Because the X-15 was the last comparable manned vdticle program, more 
credence has been given to the historical development and <^>erational costs of that 
program. The cost per fli^ of 27 X-15 flints cost was $602K (1964$) which is 
$1,907K in 1984 dollars. Considering tfte X-15 subsystems that are not required and 
the off-of-the-shelf subsystems and equipment that can be used in the Space 
Cruiser, the figure of $2M per Space Cruiser flight plus launch vehicle costs obtains. 
Unlike the X-15 program the Space Cruiser would carry payloads internally and 
externally, has endurance, goes to orbit and can provide on-orbit services to 
satellites and its payloads. Therefore, the benefits, cost-sharing and reimburse- 
ments should be included whan available in determining the net cost as the true cost 
of acquisition and operations. 



TABLE n - INITML X-15 PROGRAM COSTS 


(Reference 10) 

Cost, millions 
of dollars 



fti 

84$ 

Airframe • 

Development and flight tests 

W.90 

158.06 

3 airframes 

23.51 

74.47 

Subtotal 

73.*1 

232.53 

Engine - 

Development 

43.79 

138.71 

10 rodmt engines 

10.04 

31.80 

Subtotal 

53.83 

170.51 

Aircraft systems • 



Auxiliary power units 

2.70 

8.55 

Inertia flight data systems 

3.40 

10.77 

Adaptive control systems 

2.30 

7.29 

Flow-direction sensor (ball nose) 

.60 

1.90 

Pressure suits 

.15 

.48 

Subtotal 

9.15 

28.98 


Aerospace ground equipnmt (AGE) and 
peripheral equipment - 


Launch pictform (modify two B-52 airplanes) 

3.26 

10.33 

Airframe AGE and ^>ares 

6.70 

21.22 

Engine AGE and spares 

4.06 

12.86 

Systems spares 

.10 

.32 

Propulsion system test stand 

.41 

1.30 

Monitoring station construction 

5.81 

18.40 

Mission control 

6.07 

19.22 

Subtotal 

26.41 

83.66 

Total 

162.80 

515.68 
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Percentage 
of total 

45 
33 . 
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TABLE nr 


TYFKAL SUtV imLOPIIENr PKOGKAM COSTS 
AM> WOKK MEAKOOVN OBTUMITBNS 


Tasks 

Program Management 
System Engineering 
Subsystem Development 

- Shield/Structure S/S 

- Separation S/S 
• Recovery S/S 

- NG&S S/S 

- EP&O I&C S/S 
Specialty S/S Elements 

- Assembly and Integration 
System Test Programs 
AGE/TSE 

Total Cost: 19S0 $ 

1984 $ 


(Reference 12) 


SLRV Ballistic 

SLRV Maneuvering 

Test Vehicle 

Test Vehicle 

8% 

9% 

10% 

15% 

24% 

12% 

9% 

1% 

(% 

3% 

7% 

26% 

15% 

11% 

7% 


9% 

7% 

7% 

9% 

_4% 

-5% 

$20 - 24M 

$46 - 55M 

$25 - 30M 

$57 - 69M 


Acronyms: 

S/S - Sub-System 

NG&C - Navigation, Guidance & Control Subsystem 

EP&O - Electrical Power & Distribution Subsystem 

I&C - Instrumentation & Communication Subsystem 



TABLE V 


MRRV PROGRAM COST ESTIMATES 


Category 


Cost in Dollars 


HI i*i 


Engineering 

21,399,000 

29,730,213 

Tooling labor 

S,332,000 

11,743,978 

Manufacturing labor 

10,336,000 

14,329,938 

Material (cost in dollars): 

3,242,000 

7,213,416 

Manufacturing 

1,284,600 

1,768,204 

Tooling 

1,493,300 

2,033,747 

Subsystems 

1,690,000 

2,326,222 

Engineering 

779,200 

1,072,340 

Propulsion system 

347,000 

447,632 

Subtotal acquisition ^ 

46,276,000 

63,697,178 

Operational and support cost (5 years) 

33,612,000 

49,018,382 

Total program cost (two vehicles) 

$ 81,888,000 

$ 112,713,760 


^ Acquisition cost based on X-15 and HIMAT data 


(Rel.Tence 13) 


9ja CONCLUSIONS 


ThU section summarizes the major conclusions resulting from the study: 

1. Given the high cost of space vehicles and operations and the limitations on funding, a 
prospective research vehicle must serve a broad range of beneficiaries and perform 
cost-effectively over a wide scope of research and technologies. 

2. The national survey evidenced a broad range of beneficiaries which could benefit 
from use of the research vehicle. It also evidenced the broad scope and depth of 
research and technology tasks of interest to those surveyed. The key question 
remaining is the cost effectiveness to the researcher of pe^'orming the tasks. 

3. The number of proposed operational appUcations suggested by survey respondents 
suggests that there will be an evolution of the Space Cruiser from a research v^cle 
into an operational vdUcle with numerous military applications. 

Smallness of size and weight coupled with the optimalization of energy management 
are the overall design specifications for the Space Cruiser concept. L/D must be 
traded-off with low vehicular weight, mass ratio, launch performance, low drag for 
minimization of velocity loss during low-lift fUght phases, etc. The Space Cruiser 
configuration is responsive to this system performance evaluation approach. It is 
..a pahu of full-envelope cislunar, transatmospheric and endoatmospheric flight with 
the maximum payload-velocity map. 

5. The STAR program would provide research and technology support to the Shuttle, 
future manned space vehicles, future unmanned space vehicles, future transat- 
mospheric vehicles and hypersonic vehicles. 

6. The development of a man-rated launch vehicle from the MX booster stack would 
provide significant operational advantages in terms of responsiveness and autonomy. 


7. The near-term air-launched LV concur based on the use of Titan and RL-10 engines 
and (kopping from the 747-200F would potentially be the tnost flexible and cost- 
effective launch system. The associated use of stage-stations appears especially 
cost-effective and may provide a source of income. 

S. The Air Force Aerospace Medical Division has stated a need for a Space Cruiser type 
vehicle for carrying out its military man-in-space responsibilities. 

9. The Space Cruiser system will meet needs of the Strategic Defense Initiative in 
terms of on-orbit utility and research support. 

10. A test concept is suggested for evaluation in which the Cruiser would perform one or 
more endoatmospheric passes from the Orbiter, with return to the Orbiter for 
inspection before full reentry and landing. 

11. The potential exists for using the standard or a special-purpose Parafoil instead of 
the vehicular body for plane changing. If feasible, the energy management gains 
would be dramatic and the Space Cruiser could be used to perform the Parafoil plane- 
chan^g research. 

12. Cost-sharing space system development and operations is becoming the economic and 
political standard. Therefore, the potential exists for dramatic reduction in Air 
Force funding required for acquisition and use of the research spaceplane. 
Commercial application of the Space Cruiser raises the possibility of low or no-cost 
development in terms of funding of contractors. 

IS. NASA has no plans to build a Space Cruiser type vehicle. 
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lOA RECOMMENDATIONS 


As a result of the STAR study the following recommendations are made: 

1. It is recommended that the Air Force consider the need for the STAR research 
vehicle thoroughly* This consideration should include the evaluation of the potential 
for dramatic reduction in Air Force funding required for acquisition and use of the 
Space Cruiser as a result of cost>sharing. 

2. It is recommended that a balanced, technical joint DARPA/Air Force/Industry 
working group be organized by the Air Force to specify the key technical questions of 
and the key needs for the research vehicle. 

3. It is recommended that the Strate^c Air Command and the Space Command examine 
the operations capabilities of the full-envelope STAR Space Cruiser and its enabling 
of operational requirements. 

4. From a technical development point of view there are several conc^ts introduced by 
the study that appear to warrant further work. Recommended are: 

(a) The air launched launch vehicle concept for launch from under the 7b7-200F. 

(b) The distributed, stage-station concept. 

(c) The use of the Parafoil type deployable surface for maneuvering in the upper 
atmosphere at entry speeds. This work should include analysb of flying to the 
ground with the Parafoil. 

5. Examination of man-rating and adapting the MX booster as a launch vehicle is 
recommended. Launch sites, support and cost should be included. 

6. It is recommended that funding for the Space Cruiser and STAR concept development 
be continued until the consideration of the STAR research program has resulted In a 
decision to move ahead or end the project. It is recommended further that one or 
more major system manufacturers be funded to detail the Space Cruiser and STAR 
program work to provide development and operational schedules and costs. 
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APPENDIX B 


SURVEY LETTER AND SAyPLE REPLIES 


This Appendix contains the DCS Corporation survey letter with attachments and 
copies of suggested tasks submitted by four different corporations in response to the 
survey letter. 

The responses included herein were selected on the basis of being more complete 
and detailed and also on the basb of presenting the most realistic and promising of the 
tasks. Responses suggesting tasks for each of the three broad categories of tasks were 
selected: The Air Force Aerospace Medical Division and LTV Aerospace and Defense 
Company recommended tasks teat could be accomfdished by the Space Cruiser; the 
Aerojet TechSystems Company suggested projects that should be accomplished for tte 
development of the Space Cruiser; and the Emerson Electric Company and Ball Aerospace 
Systems Division recommended operational applications of the Space Cruiser. These 
letter responses and their suggested tasks are also included in this appendix. 
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Fdbruvy 24» 1984 


Mr. G. L. Sayre 

Beil Acrospeoe Systems Division 
Box 1062 
Industrial Park 
BouidertCO S0306 

Dear Mr. Sayre: 

Our Spaceplane Technology and Research (STAR) planning contract, sponsored by the 
Defense Advanced Research Pro)ects Agency (DARPA), requires DCS Corporation to 
search for potential research and technology tasks suited to accmnpUshmcnt by a new 
generic type of manned aircraft (spaceplane) termed the "Space Cndser." Please 
interpret this letter as a request for information, at no cost, helpful to the Government 
in determining the scope, utility and value of the Space Cruiser as a research aircraft. 

The Space Cruiser system is configured for efficient manned and unmant^ 
endoatmospheric, transatmospheric, earth orbit and dslunar operations. The small size 
and low weight of the clean aircraft assure that it need only occupy a sm^ portion of tte 
volume and weight-carrying capability of the Shuttled Orbiter and that its cost-to-orbit 
will be the minimum. It can also be launched by expendable launch vehicles such as the 
MX booster stack. Addition of external propellant tanks or a propulsUm module sudi as 
the wide-body Centaur (less avionics) results in payload-veloc’ty envelopes compatlbfe 
with geosynchronous and dslunar operations or substantial orbital altitude changes of 
large external payloads. 

Research, development and technology tasks can be done in vehicular systems and 
subsystems; hypcx^c flight up through entry speeds, acrobraking; atmospheric and ^ace 
environmental phenomena; space operations, management and control; etc. The Space 
Cruiser can carry modest size internal payloads and essentially unlimited external 
payloads. Research on payloads and payload synergistics with the manned vehicle and 
Qxtra-vehicular activity may turn out to be the most enduring and b e n e fid a l category of 
tasks for the STAR propam. Further, "hands-on” experience and evaluation of military 
man-in-space in the small, omni-mission s pa cep la n e should provide the answers required 
prior to major system acquisition of mUltvy space vehicles and complement the answers 
being obtained from the Shuttle program for the larger, logistic and space-station type 
vehicles. 


In short, we are requesting specific r esearch, development and technology task 
descriptions that you believe to be of value and suited to the Space Cruiser and/or its 
payloads. 
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the enclosure is provided as additional information that may be immediately helpful in 
determining your response and of assistance to those preparing the information. Rease 
note that the period for preparation and incorporation of the research, technology and 
development t^ descriptions b quite short, the representative at DARPA is Lt. Col. 
tames N. Allbum (DARPA/TTO) and at the Headquarters Air Force Systems Command 
Lt. Col. Darryl W. Smith (HqAFSC/XR^. Should your organization have any questions 
regarding this request for information, please call me att (703) SS3-8430 office or 
(703)323-3333 residence. 

It is our hope that you will find the prospect of the Space Cruiser as a research vehicle an 
exciting one and that your suggestions for its use will add to its value in the national 
interest. 

Very truly yours, 

Fred W. Redding, 3r. 

STAR Reject Manager 

Assistant to the President for 
Concept Development 

Enclosure 

cct Lt. Col. James N. Allbum 

Lt. Col. Darryl W. Smith (COR) 
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Spaceplane Tfldmolosy and Research (STAR) request lor inlortnation 


1 page 


Response Guideline 


2 pages 


Space Cruiser Description 


2pages 




STAR Vehicle Representative S pe cHlc a t ions 


I page 


s 

A 
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Spaceplane Technology and Research (STAR) request for information 



Reouestjnc Specific research, technology or dev ektpree nt taaks/expcrimcnts for the 
Space Cruiser as a r ese arc h aircraft. 


Cross-section of 


industry, from co m ponent to major 


system manuf a cai r ers t private and Government laboratories! military services; 
department of Defense Agencies! NASA! commercial. 


Reouestort DCS Corporation, I05S N. Fairfax Street, Alexandria, Virginia 2231# 
Attentions F. W. Redding, 3r., Phones (703) 6t34#30! contract MDA903-»»-C-P 0 87. 

Response dates MaU two weeks from receiving this request. K additionai time needed, 
please notify the requestor. 


Response formats InformaL No p ropr i etary information at this time. Unclassified 
response p re f erred Ctassificatlon through SECRET can be arranged. Eackup or 
reference material will be appreciated. 




MSP0N8E CUDCLINe 


This tiollairing fuidififis is olfsrsd for yssr ust is asrist bi ths prs|Mntion of 
STAR tsRc in for motion md to s i yd l ts oar loidsrstaMfing and uso ol the resulting 
Informstten. Pleoss <.:jd nh n tever you beltses awy be h sIp liiL 

Ths tsrm *taahf is used here in lor its brevity. It signifies any cxperifflcnt* project, 
operstien, etc. to be aaomplishod ifw wMt. or by the STAR research veMcle, 

To maxiniize the c o s t - atf dct i vene ss of STAR epermtiens it vrill be important to 
'^fflbine or integrate tasks and to perform as many taRcs per fl^jit as practicable. There 
is room for and «e are looking for the smaller tada as well as the larger ones. 


Name of esDorimenti 

mSM 

1. OrgMiizatiore 

(Company, Laboratory, Agency, etc.) 


2. Principal Investlgaton 


3. Liaison office or prrsom (If different from Principal Investigator) 
%. Beneficiary categories (Please identify these to benefit the most ) 


Industry 

Commercial 

Labor a tory 

Military 

Government 

Intamatianal 

bisarers/lnvestors 

Other... 


Science 

Tednelegy 

Aircraft 










3* Brief descriptioni 

(Then please include complete description as Item 13) 

d. Key results desiredt 

7. Potential value/benefits: 









S. Schedule estimate} 

(Start/completion/Key phases/Number of f lights/Schedule sensitivity/etc.) 

9. Task-subject categories: 

(Please identify those relevant and clarify where helpful) 

______ Man-in space 

_____ mtemal payloads 

__ External payloads 

______ Vehicular system/subsystem/components 

• Controls/displays 

Ufesupport 

Aerothermodynamics 

^ Materials 

Structures 

____ Space operations 

___ Plight support 

_____ Fll^ control/command 

_____ Launch 

____ Recovery 

Phenomenology 
Other 




10. Plieht profile or parameters during the experiment: 

11. Any critical or unusual handling/support requirements: 

12. Comments relative to doing task without the STAR research vehicle: (Le. by other 
means) 

13. Task Description: 

o Informal 

o Redpienlfs format 



o Attached or separate 

o Where helpful* note what Is firm* potential* estimased* guessed* etc. 


What* «dqr* how* where* when 


H 
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SPACE CRUISER DESCRIPTION 


GENERAL DESIGN GOALS 

o Minimum weight and volume... Optimizes the research vehicle^ payload and velocity 
to orbit during the launch phase. Maximizes the available payload-velocity and 
permits reduction in transit time during maneuvers. 

o Modular system... External carry of payload» propellant» stages^ life si^port 
consumables* support equipment and sidecars. Ground and on-orbit replacement of 
the nose section with its internal power supply and the primary payload bay. 

o Synergistic-maneuverable... The high velocity required for a substantial plane 
change in low earth orbit resuits in high pay-off for lifting-turn plane change 
followed by propelled return to orbital fli^t. 

o Launch options... Shuttle; air and ground launched expendable launch vehicles* 
future reusable launch vehicles. 

o Austere-site landing... Capability to land at unprepared sites* helicopter-suitable 
areas* etc. 

o Unmanned mode... Rescue* high-risk flights* cache on-orbit and high-« 

. endoatmospheric flights. 

o State-of-the-Art... Accomplish the above within the.stateK>f-the-art and where 
practical* using developed or under development hardware. 

o Minimize cost... Snail vrtlcle* reusable* rapid turn-around* maximum payload per . 
flight* maximum maneuverability* minimum launch cost* austere control and 
recovery support* state-of-the art. 

o Launch and forget/Usten->* Autonomous option with respect to ground operations. 

o dslunar operations... Go where the satellites are or can go. bi veloclty";v*ce 

orbital altitudes comparable to the lunar distance result from velocities cldee to 
those for attaining synch r onous altitude. Ihis capability would be phased with the 
Centaur upper stage program. 


DESCRIPTION COMMENTS 

The following comments mey be helpful in understand the Space Crui^. The 
nose section containing the forward payload bay, ball^ battwies m 

reaction control nozzles for firing. No nozzto are locked to 

5r3»eriti3motection structure (TPS) with this approach. The nose can be removed ai^ 
J^iSSThuT^tt StSS Aft«^ extension the nose can fold aft 

jSd ^ SubbedSl^^^Setlp wd 

folded, an elephant stand or similar light weight structure can be attached to the forward 
bulkhead or ring to attach the external payloads. 

The pUot is seated at the aft end In a seat or couch which can be raised until the 
DUotis head is outboard, similar to an open-cockpit aircraft. In the raised position ^ 
pilot can view the external payload. Also, the pilot can view the forward ^y^ ^ 

Contents when the top panel or door is open. There «e two paylo^ta^^ one in the nose 

section and the other in the aft end within the plug-cluster-engine (PCE) nozzles. 

Landing is by controllable lifting parachute or "ParafoU". The parafoil is deployed 
from near the vehicle's center of gravity alter d^loym^ ® 

the PCE plug volume. After deployment and disreeflng of tne lifting parachute the 
assumes a horizontal attitude for flight to the ground. 

A lifting aerobrake can be located in the aft payload bay for atmospheric and 

aerobraking with otherwise excessive entry speeds. The lifting aerobrake is reusable. 

An S psi EMU or spacesuit, under development, is planned. This suit ^ndnatn tte 
requliementfor prebrSSSg before fUght. The portable ttfe»w>rt ^ 
Snid^le before Iminch and alter landing. EVA does not u^ude an urnbmcaL Pail 
ooerational/faU-sale design criteria are used for environmental control ai^ Ufe Mppe^ 
S^ed fluid coolants are used with coldpU^ for heat 

hardsm such as avionics. A helmet mounted, internal virtual-image display is pr^d^ 
Voice control of and through the computer is planned. An autonomous o^cal navigaw 
wlS^^SSy similar Ring laser gyro Inertial ptotforms are u^ 

in the guidance and navigation system* Monopcopellwt-drlven wiKillaf^^w er 
(APVs) aro provided and integrated with the rechargeable power battery. The aircraft b 
all-electric, with no hydraulics. 

The PCE has 16 nozzles with i n dep ende n t on-olf control for thrust vector and thrust 
magnitude control, eliminating actuators. 

The orooellants are nitrogen tetroxlde as the oxldber and a proprietagr amine blend 
for fueL Tteluelb also used as the mpnopropellaM b tbeA^s. The 

film-cooled. The attitude control system has nozzles mounted at the nose foW an^th 

the PCE to provide six-dagroe-ol-lreedom attitude and transbtion controL Momentum 
■uKmi* am DTOvided tor fine attitude controL A mercury trim control system b included 

Trim 1. l-() 0 rwK l« r.«ilr, It U «qmet«l 

that outboard propellant taidcs will be saddle-mounted to protect the TPS. 

The Centaur upper stage b used as the external cryogenic propultim modile « 
stage. The wide body Centaur could be modified by replacing the two RL-10 enginm with 
a single RL-IO Derivative OB en^ne. For overspeed reentry with the Centaur a lilting 
aer o br a ke would be attached to the alt end of the Centaur. 
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STAR VE^CLE REPRESENTATIVE SPECIFICATIpNS^ 


Conical* 


Cone-Ellioae* 
(Where Different) 


Velocity with internal propellants 
Velocity witii cryogenic propulsion 
Total velocity (stages) without payload 
Payload to geosynchronous orbit 
Velocity to payload of IdOtOOO ibm 
(with Centaur propulsion module) 


4000 Ips 
23000 fps 
29000 fps 
10000-12000 Ibm 
3700 fps 


Endurance with internal consumables 24 hr 

Endurance with external consumables days to weeks 


Number of aircraft per Orbiter bry 
with internal propellant S max. 

with Centaur cryogenic propulsion module 1 


SOOO^ 


Launch options 
Shuttle 
MX booster 
Aircraft launch 
Others possible 

Recovery 

Parafoil flying parachute 
Unprepared site 
Helicopter-compatible site 

Turnaround time Similar to High 

Performance Aircraft 


Crew 

PUot 

Multiple-passenger sidecars in space 


Weight 

Dry 4000 Ibm 

Wet 3600 Ibm 

Wet with auxiliary fuel in bays 6300 Ibm 

Payload bay volumes 

Nose bay 22dla x 13.2dla x 41.3 length 6 cubic ft. 
AFT bay 4 ad>ic ft. 

Vehicle length 26 ft. 


Pilot * 1 crew (option 
propellant off-load) 


lOOOOlbm 

Adds appx; 20 cdblc ft. 
option about the CC 


*Refers to the general configuration of the STAR vehicle selection to be made later. Ellipse 
to the cross-section shape of the vehicle. 
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DEPARTMENT OF THE AIR FORCE 

MCAOQUAIfTVItS l«CO<CA|. DIVISION lAFSO 

WNOnHS Am PQNCK PASS. 


2 IIAt t984 


Mr Fred V* Keddlng, Jr 
STAR Project Meoager 
DCS Corporecloa 
1055 N. Fairfax Streec 
Alexandria t Virginia 22314 


Dear Mr Bedding 

Thank you for the inf oraation you forwarded to we concerning the Space Cruiaer 
aa a research vehicle. My initial response is • let's get it flylngl The one 
nlsslng link we now have in the space RAD area is a vehicle specifically de- 
signed to do BAD. The Shuttle is being narketed as an operational systen* and 
rightly so. As such, however, any BAD. at least in biotechnology areas, is 
given a secondary priority. Departwent of Defense Speee biotechnology BAD 
be cow e s even a lower priority subset of the systsw. 

The Aerospace Medical Division (AMD) has been tasked by several directives to 
explore the military utility of aan-ia-space and exploit au's unigue capabi- 
lities in enhancing military space syntems. «s have consequently developed 
a Military Space Biotechnology RAD program which covers sx^catory and 
advanced development areas, lie have been careful to keep our program closely 
coordinated with the HASA Life Sciences RAD program in order to avoid redun- 
dancy in areas of common interest. MS have developed several human per- 
formance experiments which require an orbital platform and have therefore 
attested to tap into the RASA syatM for Shuttle fllghta. This has been 
fraught with problems of coordination, differences in priorities and the fact 
that NASA has its own BAD programs to consider. The ODD has need of a vehicle 
which will provide a manned orbital platform for exploring mans' military 
utility in orbit. Unless ve (the DoD) ace given the tools, we won't be able 
to do our Job. In order to do BAD for man in space, ws need to be able to 
have free RAD access to space. 


In ay estimation, the Space Cruiser fills the bill. MS have direction to do 
space BAD. but as yet. we have been deprived of the necessary tool to do so. 

I am attaching a brief description of our program which clearly Justifies the 
existence of the cruiser. 


Please keep in conch and apprise us of any progress in the Space Cruiser 
development. 





J. LDCIAHI. MAJ. DSAF. MC. FS 
Director. Aerospace Medicine RAD 
Bsseerch. Development and Acquisition 


1 Atch 

Space Biotech Program 
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MlLlXMtT SPACE BIOTBCHNOIOGT PROGRAM 
AEROSPACE MEDICAL OXVISIOH (AP8C) 


Th« pcedaets of chlo pcotm eaa bo gtMipod laco feov oojov eotogorios or 
throoeoi PorfotMoeo Effoceo oad Borfomaeo "ohonfMit ohieh oto ms- 
saehlao latogrocioa fneclosol eos co rM. osd llocoelmleol COoaeocsaooaroo. 
ohieh oro e?o« preioeelos foaecloool eoococM* 

Mth roopoee co Bos<^oehlM lscotraclos» eIm objoetioo io to osImsoo 
aoa'o latogrotlos laco aUltorr opoeo ojocom, obothor ho bo ttooai boood or 
opoco boood* Tho coMldorotloa of OOP la tho sjotos sMt bo lacorporotod la 
tho laltlol doolga otogoo of tho ojotos for optlass otUi^ of tho oatlro 
oyotoa* baoa E^laoorlog eooeopco soot bo oapiofod to optlaln tho 
porfocBooeo of tho latogratod ooa-saehlM oyotos. This foetor bo c oMO 
oatroaolp erltleat for oUltarp opotoM la ohleh eoofliet mwgfsm* sop bo 
oa objoetloo* oad Mtloool ooe«^tp tho gool* 

Iho larootlgotloo of Porforsoaeo Iffoeto «1U prodseo o gaaatlflahlo data 
baao of tho oonriroaBoatol offoeta oa aoa aa a coatrol opotpo* frodletabla 
eoopcoalaoa la hU ostpot foaetlOM aa a eoatroUor, iafotsMloh pfoddooor 
oad d oc lo l oo aokor aoat bo goaatlf lod to oosImco tholf laipaec os tho 
s Ul ta r p sloa l oa* llw*o portorsaaea roptroMnro aad ohorteofatago post bo 
haoM boforo odoqaato oad optlaal oah a acia g tochoigooa caa ha dovolopod to 
oaaoro tho tlaolp, offlcloat eoaplotloa of tho ataaloo* 

Tha throat addrooalag P^otaaaeo lohaaeaBoot sill prodoea hoaoa 
oaglaoorlag oaosoro to aap goa atlflod porfocaoaeo ohorteoalaga ahlch sight 
eoopreoloo tho oloaloo. Eaglaoorlag toehalfooa oalag eoatroU, dtoplapa. 
tfUttelal lataUigooeo oad dthar porforaaaea ostaadora (o*g* talaoporatora) 
oill bo prodoeod oo ostrlaole oohoaedro* Ioom foe tors aad c ph o iadtlc 
toehalgooa aad opotoao olU bo prodoeod to oAmmo aaa*o latoraal rilarrnl 
opatoM (o.g. MoroaooeoUr lapse oahoaeoro). 

^ crow protoetloB foaetiaa* tho ohjMtioo la to oaaoro eras 
protoefloa aad osroioabllltp la tha opoco boood oarlroo^t* te 

p^aoaly otacod, tho opoco O Mwlfa M oa t to%lo l o gl ca l lp hoatila co om. bat 
CM prnhloaa of oddirioaol ot r o o M ro aooociafod opociflcallp oith the 
aUlcocp opotoa (o*g* oceploratlCM, lafoaatioa dlaplapa. ate) aoat oloo ha 
add roo ood* Iho aoooaooaat of ralasaat UoMdlcal Iffocts oiU Mr bo 
addrooood bp Advaaeod Tochaoldgp Bafolofaoat (d*9)* 

A throat to laiMClgaco M oioa die o l If facte otU roip Midp oo 
oiploMCocp doMlofBoat to pcodsM a fCMtifiahto data baM of phpoldoalcd 
dagradatloM dM to tho aUltarr opoco oaTlrrMoar Itaolf • maarn 

dM CO Ml g htlc ooaoM, radiatlca aad omom, heso bOM aad CMClaM to 
ba ciplocod bp MSA* lesMor* th oM choagM sMt bo ao Mo ood 1m tha light 
of opoelflc alUtarp aioaloa rogotrooMCa* Ihla data boM to oooMCld^ 
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ord«r to *d««*lop cocacoraMSuroo aad to prlorltlM that dovolopaoat for tha 
boat ceac/baaaflt ratio* 

Tha applleaeloaa of tha Biotaehaleal Covataxaaaaoraa throat ara ohvloua* 
Tha cooatacaaaaoraa davalopad will ba daaitaad to allaloata tha aovlroaaaotal 
•ffocta ^oaatlflad la tha first throat araa* Tha prodoets will ba taehal^a 
aad/or hardwara daslgaad to praaaat potaatlal allltary alssloa eoaproalsa 
esw'd hgr aovlroaaoatal bloaadleal af facts* aad tharaby aogaaat aaa's 
sffsctlwaaass In tha waapoa systsa* 



VC£ «€S'56Hr - 

aOvanC£ 0 0<tOGP«MS rcc^^Ci-CG' 


10 April 1984 


Mr. Fred W. Redding* Jr. 

Star Project Manager 
Assistant to the President for 
Concept Oevelopoent 
DCS Corporation 
1055 N. Fairfax Street 
Alexandria* Virginia 22314 

Dear Mr. Redding: 

Reference Is made to your letter to Nr. Robert L. Kirfc dated 
14 February 1984* pertaining to the subject of potential re* 
search and technology tasks suited for accomplishment by the 
Space Cruiser. In response to your request we have surveyed 
our oroanlzatlon and are forwarding the results to you In 
accordance with the suggested format. 

I trust you will find these submissions useful and responsive 
to your needs. A copy of your final report* when available* 
would be greatly appreciated. 


Sincerely, 



Attachments 
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lTV A£nOS^ACS mo OC^CNSC COMPANY vOuGMf MISSIWCS anO AOVANCfO MOGAAMS 0*vtSi0N • CP'Cf BO* 225X* • OHaAS fClA$ 
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STAR TASK DESCRIPTIOM SUMMARY 


Task Title: 
Launched 




Guided Prolectn 


Vought Missiles and Advanced Programs Division 
Post Office Box 225907 
Dallas* Texas 75265 

Principal Investigator: Dr. M. M. Tower 


Focal Point: 


Dr. C. H. 


Beneficiary Categories: (Please rank top five) 

Industry • 

' Commercial x 

• Laboratory 

X Military 

■ Government 

: ■ International 

Insurers/Investors 

Other 


Science 

Technology 

Aircraft 

Spaeeplanes 

Satellites 

Space Station 

Other Vehicles 


Brief Task Description: (please Include complete description on last page! 



Key Results Desired: 


Validate EML guided projectile coigKwent designs for proto^l 



Potential Value/Benefits: 

Extension of preliminary ground-located demonstrator results 


limited by endoatmospheric environmwt. to full scale validation 


Applicable to boost-phase and mid-course BMO Intercept 


STAR TASK DESCRIPTION SUMMARY (CONT'O) 


Schedule Estimate: 

(Start/Ccmpletion/Key Phases/Munber of Flights/Schedule Sensitivity/etc.) 




Phase I: launch Simulation - Projectile Aceurac 


Phase II: 




launch^ProJectlle Accurac 



Four Flight Mlnimum/SDI Schedule Sehsltlvl 


Task Subject Categories: (Please Identify those relevant and clarify where 

helpful ) 


Man In space 

Internal payload 

External Payloads 

Vehicular system/subsystem/ 
components 

Controls/dlsplays •> 

Life Support 
Aerothermodynaml cs 
Materials 


Structures 

____ Space operations 
■ Flight support 
_____ Flight control/command 
_____ Launch 

Recovery 

Phenomenology 

_5BL 




elabora 



Flight Profile or Parameters During the Experiments: 
To be determined 



Any Critical or Unusual Kandling/Support Requirements: 



Comments Relative to Doing Task Without the STAR Research Vehicle: 


High Cost f 






STAR TASK DESCRIPTION SUMMARY (CONT’D) 


TASK DESCRIPTION; (Please include a problem statement, objective(s) and a 
reconmended approach) 




UiTTT 




or auxiliary propulsion and utilize command and homina Space 


Cruiser module to guide projectile to simulated battle space 


(up to 1000 Km range 





V'l 


•■'ll 

m 

-ijfl 


■■II 


:*1 

'^1 




• m 


^1 




STAR TASK DESCRIPTION SUMMARY 


Task Title: Ablative beh avior of C/C (Carfaon/Carfaoiil »»»< 

projectiles 

Vought Missiles and Advanced Programs Division 
Post Office Box 225907 
Dallas, Texas 75265 

Principal Investigator: Herber t Volk (matarlalsV and 


Focal Puint: To be determined for re»entr^ 


Beneficiary Categories; (P’ease rank top five) 


Industry 

Commercial 

Laboratory 

X Military 

Government 

International 

Insurers/Investors 

Other 



Science 

Technology 

Aircraft 

Spaceplanes 

Satellites 


• Space Station 

Missiles Other Vehicles 


Br?af Task Description; (please Include complete description on last page) 
Determine the ablative behavior and Its effe ct on trelertory vanotis 
carbon/carbon composite materials. 


Key Results Desired; Ability to select the optimum materials for various 
missiles, ranging from ICBMs to rallqun projectiles. 


Potential Value/Benefits: Ablative behavior cannot be fully simulated on 

earth, proof testing requires actual missile firings. Shooting re-entry 
bodies from a space vehicle would be less costly. 



B- 18 ' 


STAR TASK DESCRIPTION SUMMARY (CONT'O) 

Schedule Estimate: 

(Start/Completion/Key Phases/Number of Flights/Schedule Sensitivity/etc.) 
To be determined, depends on number of re-entry bodies to be 

Investigated. 



Task Subject Categories: (Please Identify those relevant and clarify where 

helpful) 


Man In space 

Structures 


Internal payloads 

___ Space operations 


External Payloads 

Fllaht suDDort 


Vehicular system/subsystem/ 

Flight control/command 

3 

components 

Laundi 

r 

Control s/displays • • 

____ Recoveiy 

• ^ 

Life Support 

____ Phenomenology 


X Aerothermodynamics 

_____ Other 


y Materials 

§ 


• 


• 



Flight Profile or Parameters During the Experiments:, 
To be determined 



Any Critical or Unusual Handling/Support Requirements:, 
No 



Comments Relative to Doing Task Without the STAR Research Vehicle: 
Could be done directly froa shuttle orbiter 



TASK DESCRIPTION; (Please Include a problem statement, objectlve(s) and a 
recommended approach) 

Problem: The ablative behavior of missile nose tins affects the tra.1eetorv 
and accuracy. This behavior cannot be fully evaluated on earth arid requires 
expensive proof-testing throushmlssile firings. Evaluation and ontlmiratlon 
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Task Title: 


Scramjet Inlet and Cor 



youjht Missiles and Advanced Prc5rar.s Division 
Post Office Cox 225507 
Dallas, Te:<as 73263 

Principal Investigator: TBO 

Focal Point: C. S. Wells/Dr, J. L» Porter 

Be'eficiary Categories: (Please rank top five) 


Industry 

Cocasercial 

Laboratory 

Military 

Government 

International 

I ns ure rs/ I n ves to rs 

Other 


Science 
Technology 
Aircraft 
Spacep lanes 
Satellites 
Space Station 
Other Vehicles 


Brief Task Description: (please include complete descriotion on last pane) 
Determine limits of scramjet operation in rarefied atmospheres 



l/T* 


Scheiale tstirtacc: 

(Start/Ccrpleticn/rtsy Phascs/.’.'urScr of Fli^nts/Schaiule Sens::-:vf:y/etc.) 



Task Subject Categories: (Please identify those relevant and clarify where 

helpful) 


Man in space 

Internal payloads 

External Payloads 

Vehicular system/suosysten;/ 
components 

Controls/displays 

Life Support 

Aerothermodynami cs 

Materials 


Structures 

Space operations 

Flight support 

FI i'gh t control / conrtand 

Launch 

Recovery 

Phenomenology 

Other 



Flight Profile or Parameters During the Experiments: Altitude. Mach and 


I JTininrMTTTq 



Any Critical or Unusual Handlfng/Support Requirements: Thrust balancing 

for external propulsion system. In»fl1ght instrumentation. 



Comments Relative to Doing Task Without the STAR Research Vehicle: 


Existing propulsion test facilities cannot achieve required conditions 





Def; Determine the limits of Mp-AU performance. 

Appr: Externally mounted scale propulsion unit with manual control 





i 

I 


t 

? 


I 


i 




Task Title: 


I/-R L^^Cr.>r I ,-,.e >♦*. f 




navigation System Validation 


Vousht Missiles and Advanced Progiaas Division 
Post Office 2ox 225907 
Dallas. Texas 73263 

Principal Investigator: TBO ■ 

Focal Paint! Or. C. S. Wells/Dr. J. L. Porter 


Beneficiary Categories: (Please rank top five) 


i 


i 

4 


Industry 

C&nnerci a1 

Laboratory 

Military 

Governirent 

International 

Insurers/Investors 

Other 


___ Science 
______ Technology 

Aircraft 

2 Space? lanes 

Satellites 

Space Station 

3 Other Vehicles 


Brief Task Description: (please include coriolete description on last pace) 
Utilize special equipment to provide a brassboard demonstration of this 


Vought-proprietary concept. 


Key Results Desired: Validation of the position and velocity determination 

of the vehicle. ' 


Potential Value/Benefits: Improved long-range navigation. 



S5 


I 




I 






S 




I 


'V 

& 




iinr. i.-^r* I- 4.-« -•..•••%? ;,.*i 


SchetulA £st:'."JCo: 

(St2rt/Ccr3leticn/:*'.ey rh»scs/"ur:cr cf rl;r-.:s/Sc.‘;-!'iah' seRSt:* .ity/occ.) 

-OQ : 


Task Subject Categories: 


(Please identify those relevant and clarify where 
helpful) 


Man in space 



Internal payloads 

External Payloads 

Vehicular system/subsyster;/ 
components 

Controls/displays 

Life Support 

Aerothercodynani cs 

Materials 


Structures 

__ Space operations 
___ flight support 

^ Flight control/csmmand 

Launch 

Recovery 

Phenca»nology 

Other 


- ■ ■ — 

Flight Profile or Parameters During the Experiments : TBD 


Any Critical or Unusual Handling/Support Requirements: None 


Comments Relative to Doing Task Uithout the STAR Research Vehicle: 


probably 10 times more costly for this partimia 


V* 


10 





^ I #^» • ■ * 1 f* I • >#•• • ♦• •* 

TASK D£SCai?7IGN ; (Please include a prcijler. state-ent. cS;ective(s) and a 
recccr%ndcd approach) 

Approach; Provide validation of brassboard system thru multiple 

ground-track velocity«position determination, Alt: Use GPS if 

available. 




ELECTRONICS & SPACE DIVISION 
cMcnsoM Eucmic co. 


14 March 1984 


Mr. Fred H. Redding, Jr. 

DCS Corporation 
1055 H. Fairfax St. 

Alexandria, VA 22314 

Dear Mr. Redding: 

In response to your request for infomation on po te ntial uses 
of the Space Cruiser, Emerson Electric has outlined five tasks 
which we believe to be suitable for the vehicle you describe. 


If you have questions on any of the enelos^ tasks please contact 
me at 314-553-4521. 


Sincerely, 



Manager, Research ft Development 


CCC:jhc 
Enclosures (5) 


eews ow ttscTwic co. 

•loo w eomssANT 

Sr. lOinS.MIS80UIM 83136 
Mtlfci a tl lMw n 

T iltptiont: OMI 863-4521 
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SPACE JUNK COLLECTION 


ITEM 

1. Organization: EMERSON ELECTRIC CO., 8100 W. Florissant 

St. Louis, Missouri 63136 

2. Principal Investigator: R. 0. WELLING 

3. Liaison office or person: N/A 

4 . Beneficiary categories: 

Commercial 
Military 
International 
Insurers/Investors 
Space Station 

5. Brief task description: Space Junk Collection 

6. Key results desired: 

'^Collection and transfer to non<^ interfering orbits of non-operational 
orbiting vehicles, debris. 

7. Potential value/benefits: 

o Gain experience with emergency rendezvous, docking with 
dis^:bled vehicles 

o Clear high>value orbital planes, altitudes 

o Remove low-orbit vehicles in hazardous deteriorating orbits 
(especially those with nuclear fuel sources) 

o Collect ”junk* in assigned regions for future industrial 
recovery, processing. 

8. Schedule estimate: 

o Time line unknown 

o Flights would surge at front end of program, move to routine 
orbital maintenance schedule (continuous) 

9. Task-subject categories: Space operations 

10. Flight profile or parameters during the experiment: Among all 

orbital levels 
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space Junk Collection 
Page 2 


ITEM 

11. Critical/unusual handling/support requirements; 

Docking with non-cooperating vehicle 

12. CoBonents relative to doing task without the STAR research vehicle: 

STAR can perform this task concurrently with other unrelated tasks, 
experiments. It is doubtful a larger or dedicated vehicle %rould 
be committed exclusively for such a task. 

13. Task Description: 

o Collect non-operational orbiting vehicles, debris 

o Condense collected material within limited neighborhood for 

- Processing 

- Temporary parking 

o Transfer to parking orbit 

- By direct towing 

- Attached boosters 

o Temporary parking point may include external tank for later 
mission to transfer collection to final location. 



NON'-COOcEKATInv* VciilCLE DOCKING SYSTEM 


ITEM 

1. Organization: EMERSON ELECTRIC CO.» 8100 W. Florissant 

St. Louis, Missouri 63136 

2. Principal Investigator: R. D. WELLING 

3. Liaison office or person: N/A 

4. Beneficiary categories: 

Military 

Technology 

5. Brief task description: 

Non^cooperating vehicle docking system 

6. Key results desired: 

o Dock with non-cooperative targets 
o Perform reconaissance, inspection 

7. Potential value/benefits: 

Strategic intelligence value 

8. Schedule estimate: Unknown 


9. Task-subject categories: Space operations 

10. Flight profile or parameters during the experiment: Unknown 

11. Critical/unusual handling/support requirenents : 

o Establish physical, non-destructive, non- interfering, 

non-detectable physical connection with non-cooperatino 
vehicle ir- 

o Establish rigid link once physical connection completed 

12. Comments relative to doing task without the STAR research vehicle: 
o STAR overt mission could screen reconnaissance 

o Multiple STARS make detection monitoring more difficult 
o Dedicated vehicle more conspicuous, expensive 
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NoR-Coop«zatin 9 Vehicle Docking System 
2 

13. Task Description: 

o Rendezvous with vehicle of interest 
o Extend contact/adhesion device 
o Establish rigid link 
o PerfomEVA, reconnaissance 
o Return to STAR 
o Sever link 



•w 


i 


:3 


> 
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TACTICAL THEATER HOLTISENSOR SURVEILLANCE SYSTEM 


EHE«SOH ELECTRIC CO.. 

principal Investigator: R. D. WELLING 

Liaison office or person: N/A 

Beneficiary categories: Military 

Brief task description: 

A cuick-response, low-orbit tactical recom^ssance systeo for 
real-time reporting of PHOTINT, ELINT. 

Key results desired: 

Provide theater and subordinate coananders with on-call (less thu 
2 hours) information on memy dispositions r movement « location of 
high- threat systems. 

potential value/benefits: 

o Fills gap in battlefield surveillance between TR-1 aircraft 
and strategic reconnaissance satellites 

o Greater survivability than TR-1, greater resolution than 
satellites 

o Detection of lower powered emitters possible, with high view- 
ing angles providing increased dwell time over targets 

Schedule estimate: Unknown 

Task-subject categories: Unknown 

Flight profile or parameters during the eicperiment: transatmospherie 
Critical/unusual handling/ support requirements: 
o Coordinating target locations, time-over target 
o Real-time communication of surveillance data 
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Tactical Thaatar Multisanaor Survaillanca System 
Page 2 


ITEM 

12. Comments relative to doing task without the STAR research vehicle: 
No similar on-call system exists 

13. Task Description: 

o STAR payload is multisensor package 

o STAR in stand-by launch or parking orbit configuration 

o Reconnaissance request from theater commander received and 
sets launch or new orbital parameters 

o STAR conducts single or multiple-pass sensings of battle- 
field, down links data to commander for real-time processing. 
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ORBITAL VEHICLE TEST/DIAGNOSTIC SYSTEM 


ITEM 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 


0 rganl 2 ation: EMERSON ELECTRIC CO., 8100 W. Florissant 

St. Louis, Missouri 63136 

Principal Investigator: R. D. NELLIMG 

Liaison Office or person: N/A 

Beneficiary categories: 

Commercial 

Insurers/Investors 

Satellites 

Brief task description: 

Ferry an automatic test system for interconnection with desic^tiid 
satellite systems for routine and mergency maintenance. 

Key results desired : 

■ ■ i: . 

Make it possible to obtain functional data on unmanned and 
perhaps dormant satellites for assessment on feasibility of 
repair/replacement. 

Potential value/benefits: 

o Provide accurate information on disposition of malfunctioning 
high-cost satellites. 

o Repair rather than abandon/replace malfunctioning systems 
Schedule estimate: Unknovm 

Task- subject categories: 

Vehicular system/subsystem/c«nponents 

Flight profile or parameters during the experiment: 

Low to high orbit 

Critical/unusual handling/support requirements: 
o Interface specifications critical 

o Standardization of diagnostic/test procedures required 
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Orbital Vahicla Taat/Oiagnoatic Syatam 
Paga 2 


ITEM 

Comments relative to doing task without the STAR research vehicle: 

Without STAR* presumably no such test system would be transportable 
in the near term. 

Task Description: 

o STAR payload is autctuatic test/diagnosis system 

o STAR rendezvous docks with satellite* mates test system 
with satellite 

o Test sequence results either stored on-board* do«m-linked 
or both 

o Decision made as to feasibility of repair/replacement 


I 

h 




12 . 


5 


t? 


13. 


[•> 


P: 


I 

I 

e; 
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defensive battz£ station 


Nan* 

ITEM 

1 . 

2 . 

3 . 

4 . 

5. 

6 . 
7. 


8 . 

9. 


10 . 

11 . 


of Task: 

orqanization: EMERSON ELECTRIC CO., 8100 w. Floristant 

^ St. Louis, Missouri 63136 

Principal Investigator: R. D. WELLING 

Liaison office or person: N/A 

Beneficiary categories: Military 

Brief t.tsk description: 

STAR vehicle as a manned battle station to "fly cover" for 
high-priority vehicles, destroying anti-sattelite systems. 

Key results desired: 

Provide close-in defense of high-priority space vehicles 
Potential value/benefits: 

o Provide semirautonomous battle stations during high 
ionization periods 

o Operate on-call, activating dormant anti-anti-satellite systms 
o Provide stop-gap to near-term image understanding capabilities 
o Promote near-term deployment of space-based defense 

Schedule estimate: Unknown 

Task- subject categories: 

Man-in-space 

Space operations Launch 

Flight control/command Recovery 

Flight profile or parameters during tJie experiment: Unknown 

Critical/unusual handling/support requirements: 

o Rendezvous, docking with passive, low radar cross-section vebicli 

o Low-probability of intercept (LPI) communications with remote 
sensors, weapon platforms, ground. 
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Han* In-Loop Dafanaiva Battle Station 
Page 2 

ITEM 

12. comments relative to doing task without the STAR research vehicle: 

o Completely automated system (reUability problems) or ground 
link (ionization problems) required. 

o Deficiencies in artificial intelligence developments (image 
understanding, sensor fusion) require man*in*loop and perma- 
nent, semi-permanent manned staticns. 

13. Task Description: 

o Stand-by launch to rendezvous with dormant, low radar cross- 
section battle station 

o Provide passive surveillance with IR, RF, radar (from multi- 
static emitters) sensors 

o Attack threat vehicles under all conditions, including isolation 
of ground control because of nuclear-induced ionization 
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21 March 1984 

Mr. Fred tf. Baddlas* Jr* 

SIAM Projaec Managar 
DCS Cerperaelon 
1055 H. Fairfax Straat 
Alaxaadrlat Flrgiala 22314 

Oaar Mr. laddlagt 

Tour laetar of Fobruary 14, 1984 raquaatlog laforaaeloa on potaaeial rasaareh 
aad taefanology taaka for cha Spaea Cruiaar baa haaa raealrad. Ity taelmical 
staff has r avla w ad raquirsBaaes and suggasts chraa axparisMoe areas for tha 
STAR Prograa. Thasa ara: 

1. Low cost Gttidaoea Systaa Evaluacioa for Spaea Crulsar aad 
Uacatharad EFA. 

2. Aarobraklag lovaselgaelon. 

3. Plug Clustar Eaglaa for Prlaary Spaea Crulsar Propulsion. 

I ballava thay aaae your objactlvas for tha Spaea Crulsar and Its broad uissiOB 
capabilieias. tlhlla tha two aoa~propulaloa axpariaants ara not prlua product 
llnas at Aarojat TachSystaos* coopoaants of than hava althar baan studlad or 
ara in davalopaaat hara aad alsawfaara. Tha unit thrustar for tha Plug Cluatar 
Eaglaa Is an alsaaat of a aajor product Una at TaehSystsBs» Spaea aad Satalllta 
Propulsion. With funding tallorad to tha ralatlva taehaolo^ laval achlavad in 
tha thraa araas, aaeh could ba aada avallabla to tha flight tast prograa and 
aaka contributions to thm taehnology as wall as futura spaea oparatlons. Tha 
attachasncs provlda additional datall on tha asparlasnts. Should you hava any 
furthar quastlona« plaasa contact Clayton V. Wi l l Is as , (916) 355-3634. 

Tha Spaea Crulsar Is an Intarastlng and unique eonespt.. Wt at Aarojat TechSystem 
wish you sueeass la earrylag It Into davalopasnt and flight test phases. Us will 
eontlnua to help la any way wo can. 



Enclosure: Exparlaants (3) 
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ito— ftf gMerlwewt; 


Low Cost Guidance System Evaluation for Space Cruiser 
and Untethered-EVA 


1 . 


2 . 


3. 


Organization: Aerojet TechSyste«s Company 
Principal Investigator: 


Liaison Office or Person: 


Jaaes P. Taylor 
Manager, Mission Analysis 
Advanced Systeas Division 

Clayton U. Uilliaas 
Director, Propulsion 
Technology . , 
Advanced Systeas Division 


4 . 


Beneficiary Categories: 

2 Industry 
"CoMercial 
aboratory 



t M ilitary 
— I G overnaent 
""“^“ International 
“ ~~I nsurers/Investors 
“TTDther — Rescue 


^lence 

? Technology 

Aircraft 

""T Spaceplanes 
^iS atclIltes 
" Space Station 
Vehicles 


Legend: 

1. Direct Beneficiary 

2. Indirect Beneficiary 


5. Brief Task Description 

to* space Cruiser midance and control and to auldance 

applications could Include SaF 

such as Muld bt rtquiftd by tht IttSA Spartan nna tne uw ^ 

n^acahle nayloods (DSP), and space station EVA. This series 

b‘. »>nw,1ftle» «1th «» Mimtd 

vehicle and extra vehicular activity 
c. Evaluation of ■llltary nn In space. 

6. Key Results derived: 


j gyjtae accuracy as a function of weight and elsslon duration 
b*. Suitabi 1 ity for «1 1 itary appl Icatlons 
c. Suitability for rescue Missions 

d Suitability for unaanned Missions . ^ ^ 

e Man-«ach1ne and Man-envlroneent synergisa and interaction data 
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Potential Value/Benefits: 

a. Reduction In guidance and control costs by an order of magnitude 

b. Inertial 1y guided EVA (I.e.. rescue, satellite rendezvous, et 
a1) 

c. Advancement In the technology of light weight guidance and con* 
trol system 


Schedule Estimate: 
Start 

1964 or later 

Completion 

60 months ATP 

Key Phases 

a. Study definition 

6 months 

b. System development 

24 months 

c. System production 

12 months 

d. Flight test operations 

18 months 

Number of flights 

6 

Schedule sensitivity 

None, the Mark VI system Is already 


being produced for the NASA Sounding 
Rocket Program. 

Task-subject categories: 



Man- In-space 
Internal payloads 
External payloads 

Vehicular systen/subsystem/components 

Control s/displays 

Life support 

Aerothemodynamics 

Materials 

Structures 

Space operations 

Flight support 

Flight control/coannd 

Launch 

Recovery 

Phenomenology 

Other... Deployment of free flyers for military surveillance, 
force reconstitution, beacons, et a1 

Flight Profile or Parameter During the EigMrlment: 

a. Programmed for stable LEO with controlled attitude during entire 
mission 

b. From shuttle or ELV deployment through controlled or flown- 
by-wlre re-entry from LEO 

c. Synergistic plane and orbit altitude changes 

d. Pilot EVA with "return to Space Cruiser” fall safe mode 
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Any Critical or Unusual Handling/Support Rcquireaents: 

Nona. Tha Nark VI Is dasignad to surviva spaca shuttia launch 
anvlroimnts. 

CoMBfnts ralativa to doing task without tha STAR rasaarch vahlcla; 

Spaca rascua» synargatic plana changas* and control lad raantrlas can 
only ba accoapHshad with tha STAR rasaarch or othar aquivalant 
vahlcla. This rasaarch could ba accoapHshad aost aconoalcally with 
STAR sinca any othar fraa flying platfora would hava to ratum to 
tha shuttia for ratum to aarth. 

Task Oascriptlon: 

Tha proposad axparlaants using tha Nark VI navlaatlon systaa i^ld 
Invastigata tha adaptability and ral lability of a low cost, light 
weight navigation systaa In trans-atanspharic. low aarth orbit, and 
raantry anvironwents. A kit of gyro and co^putar aodulas and pro- 
graand software would be supplied with each axparlaantal systaa to 
panalt paraaetric evaluation of tha Mission variables: weight, and 
accuracy as a function of systaa weight. Mission duration, and Mission 
profile. It Is estlwated that costs and guidance systaa weights for 
tha brief Missions of the Spaca Cruiser could result In savings of 
as Much as 90S of tha currant stata*of-tha-art values In each category, 
weight and acquisition cost. It Is believed that a low cost, H^t 
weight Inertial navigation systaa, coupled with a suitable propulsion 
syrtaa (also to ba fumlshad with tha Modified Nark VI), could aaka 
non-tetherad EVA a practicality. 
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Nat of EaperlMiit ; Aerobrakfng liivcstigation 
1. Organization: Aerojet TechSysten Conpany 

Jats P. Taylor 
Manager, Mission Analysis 
Advanced System Division 

Clayton H. Ullllat 
Director, Propulsion 
Technology 

Advanced System Division 


Legend: 

1. Direct Beneficiary 


2. Indirect Beneficiary 


(OTV) 


Adapt structurally efficient clamhell shields to the conical shape 
of the STAR research vehicle to evaluate this unique concept for 
aero«ass1sted re-entry and synergistic plane and orbit altitude 
changes. 

6. Kay Results Derived: 

a. Suitability for allltary applications 

b. Cmrgency de-orbit and plane change and orbit altitude change 

c. Structural wight advantages coapared to conventional 
re-entry mdes 

d. Possible re-entry corridors 

e. Height as a fimctlon of mterlals technology 

7. Potential Value/Benefits: 

a. Broader Mission envelope Halts 

b. Eaergency de-orbit and orbit change capability 

c. Multiple purpose - the Aeroshleld serves as a mteorold shield, 
an aeroManeuverIng surface, and a heat shield during aero- 
aaneuverlng. 


Principal Investigator: 


Liaison Office or Person: 


Beneficiary Categories: 

Industry 
Mwrclal 
Laboratory 
? M ilitary 
? uovemmnt 
International 
~I nsurer s/ 1 n vestor s 
lOther ... Rescue 


Science 
Technology 
"Aircraft 
Spaceplanes 
“ itellltes 


> s pace Static 
5n}ther vehici 


Brief Task Description: 
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d. Posltlvf control - surface arda Modulation, angle of attack 
dianges, and fapulsive firings enable trajectory control and 
■ay also allow plane changes. 

e. Slapllcity • the concept requires no new technology. It Is 
sinple froa such standpoints as aerodynaalc analysis, structural 
design, theraal control. Mechanical systeas, etc. 

f. Reusability - the Aerdshleld Is fully reusable without servicing 
or aalntenance. 

g. Rasing - the Aeroshleld Is suited to either earth-basing or 
space-basing: It provides a large brake area ev«i within the 
voluae constraints laposed by the Shuttle payload bay during 
transit to low earth orbit. 

h. Light Height - there Is no simificant weight penalty associated 
with the aultl-purpose capabilities of the Aeroshleld. 

1. Cost - coticept slapllcity leads to easier developasnt, light 
weight to Increased payload capability, and reusability to low 
operational costs. The overall result Is lowest life cycle 
cost. 

j. Nest strongly supports early Introduction of the Space Cruiser 
Into higher ener^ orbits (6B) and CIs-Lunar) by providing a 
proalse of aajOr cost reductions. 


Schedule Estlaate: 

Start 

Coapletlon 
Key Phases 

a. Study Definition 

b. Systea Oevelopaent 

c. Systea Production 

d. Flight Test Operation 
Nuaber of Flights 

Schedule Sensitivity 


Task-subject Categories: 


1984 or later 
60 Months ATP 

12 Months 
24 Months 
12 Months 
12 Months 
6 

The design and aanufaeture should 
be dmie in conjunction with Space 
Cruiser design and aanufactire 
because of the high degres of Inte- 
gration. 




Nin-ln-space 
Internal payloads 

External payloads - provides re-entry capability 

Vehicular systea/subsystea/caaponents 

Controls/dlsplays 

Life support 

Aerotheraodynaalcs 
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■ ♦ Materials 

Structures 

♦ Space operations 
FI fght support 
Flight control/cowaand 
Launch 

* Recovery 
Phenoaenology 
Other . . . 

10. Flight Profile or Paraaeter During the Experiaant (Reference Table I) 

a. Noraal re-entry froa LEO 

b. Noraal re-entry froa GEO or Cis-Lunar 

c. Synergistic plane changes 

d. Aero-^raked return to LEO froa higher energy orbit 

e. Eianrgency de-orbit 

11. Any Critical or Unusual Handling/Support Requireaents: 

The Aero-Shell aust be totally integrated with the Space Cruiser . 

structure for aaxiaua effectiveness. 

12. Conents relative to doing task without the STAR research vehicle: 

The experiaent could be perforaed with the proposed NASA Orbital 

Transfer Vehicle (OTV) but at considerably greater expense and in 

a highly uncertain tiae fraae. 

13. Task Description: 

a. Concept Description - the Aero-Shield allows aultiple use of 
basic structure for both aeroaaneuvering and for aeteroid pro- 
tection. It consists of two seal-conical surfaces hinged along 
one e^. Mien closed, the surfaces fora a tight cone that 
serves as the aater*oid shield for the Space Cruiser and payload 
within. Mien open, the surfaces fora a variable area, low L/D, 
lifting brake for aeroaaneuv«r1ng while passing through the 
earth's ataosphere. 

During aeroaaneuvering the vehicle is aligned noraal to the 
velocr^ *ector in a vertical attitude while passing through 
the ^ > V ataosphere. Trajectory control is obtained by 

BodutACing the surface area, changing the ai^le of attack, and/or 
by engine firings at reduced thrust. Thus the drag coefficient, 
lift coefficient, and frontal area can be changed in accordance 
with control requireaents (acceleration feedback) and operating 
constraints (heating, pressure loads, acceleration, etc.). 

Hith increasing airfraae-wing-heatshield functional Integration, 
the conical space cruiser re-entry shape could go forward to 
high L/0 re-entry platfora and broader aission capability. 
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Proposed Study Oeffnition Plws# Prograa - the proposed prograa 
Is intended to evaluate the Aeroshield concept aore rigorously 
than Mas possible in the 1983 Aerojet TechSysteas-funded effort. 

It consists of three aajor tasks: 

Conceptual Oesien Evaluation - Conceptual Aero*shie1d designs 
Mi 1 1 be generate for a re^sentative vehicle and aission to 
be selected Mith OCS/OARPA approval. The baseline concepts Min 
be evaluated for the selected aission, using a coaputer prograa 
developed during an Aerojet TechSysteas Coapany IRIO prograa, 
to deteraine theraal and pressure loads. The structural design 
of the Aero'Shield and its deplojaant aachanisa Mill be addressed. 
The therajal design Mill also be considered, Mith priaary 
eaphasis on passivbe systeas such as the Space Shuttle Theraal 
Protection Systea (TPS). Active cooling Mill be considered if 
necessary. Guidance, Navigation, and Control (GNSC) re<|uireaents 
will be exaained for coapatibility Mith the configuration/opera- 
tional concepts generated. 

Systea Tradeoffs - this task Mill study the effects of vehicle 
trajeeWy, drag aodulation, and ataospheric variations on the 
Aero-shield configuration, TPS, 6K8C, and propulsion reguireaents, 
expressing these effects in teras of Meight iapacts to the base- 
line design. Other aspects of the concept to be considered are 
suaaarized in Table I. 


Technology Reguireaants Definition - technologyh gaps uncovered 
in the prMeding tasxs mi 1 1 be identified. 1 A technology 
acquisition plan Mill be prepared to define the scope of prograas 
necessary to generate the aissing technology. 


FolloMing coapletion of the study phase, the reaainder of the 
60 aonth experiaental prograa (as sumrized under 8. ) Mould 
be defined in detail. 


TABLE I 

CONSIOCRATIOWS IW AEROSHIELO COWCEPI DESIGIIS 


aOH FIELD A«0 AEROTHEIMOOYMMIC COBSIOERATIOIlS 

- UPPER ATMOSPHERIC UHCERTAIHTIES A» VARIATIOHS 

- HAKE FLOW IHTERACTIOHS 

- THRUST PLUHE IHTERACTIOHS ^ 

- NOHEOUILIBRIUN AEROTHERMOOTHAMIC cFFECTS 

- RAOI^IOH EXCITATION AND OEEXITATIOH IR UPPER ATMOSPHERE 

- REAL GAS COMPUTER COOES r„„rnnt 

- V^OUS IHTERACnOH BOOMOART LATER CONTROL 

POTENTIAL THERMAL PROTECTION SYSTEMS ^ 

. REUSABU SEMIRIGIg SYSTEMS FOR UP TO 3,000^ - NOMABUTITE 

• USE*OF^WMPOsIt§ and NEH MATERIALS - SIC, FRI, ETC. 

. ACTIVE COOLING 

GUIDANCE, NAVIGATION B CONTROL (GNBC) EFFECTS 

- autonomous ADAPTIVE CONTRW. IN CONTINUALLV VARYING 

ENVIROMENT , 

- METHODS OF CONTROL EFFECTIVENESS 
. CONTROL SENSITIVITIES 

- approach navigation 

STRUCTURAL CONSIDERATIONS 

. STRUCTURAL HEIGHT 
> VOLWC EFFICIENCY 

- design siivlicity 

PROPULSIVE INTERACTIONS 

- ISP 

- THRUST/HEIGHT RATIO 

- MULTIPLE ENGINE CONCEPTS 
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af Emarimf PluQ Cluster Enolne (hereinafter referred to as PCE) 

Ha«e of Experiae nt. Cruiser Propulsion for a Hide Range 

of Propellant Loads and Back Pressures Fran Sea level 

to Hard Vacuia. 


Organization: Aerojet TechSystens Coiv<ny 
Principal Investigator: Don 


Liaison Office or Person: 


Donald U. Culver 
Hanager, Propulsion Systens 
Advanced Systems Division 

Clayton U. Ullllams 
Director, Propulsion Technology 
Advanced Systems Division 


Beneficiary Categories: 

Industry 

Conaerclal 

L aboratory 

“T^mtary 

•7~~(i ovemmBnt 

International 


Science 
i Technology 

Aircraft 

I Spaceplanes 
s atellites 
~T^pace Station 


Legend: 

1. Direct Beneficiary 

2. Indirect Beneficiary 


i nsurers/investors 2 o ther Vehicles 
o ther ... 

Brief Task Description: The experiment Involves (1) the application 
of scarfed nozzles on the sixteen 188 IbF rocket engines which are 
arrayed around the plug and (2) on-line pump feed capability for ^ 
to four of the normally pressure fed 188 IbF engines from externally 
mounted, conformal propellant tanks 

Key Results Derived: 

a. Optimum area ratio and scarfing angle for the 188 IbF engine 
for sea level, high-endo, and exoatmospheric Space Cruiser 
operation. 

b. Reliability, performance, and operating life for the equivalent 
376 IbF to 752 IbF thrust pumps for feeding propellants from 
external, conformal propellant tanks to the 188 IbF rocket 
engines. 

c. Design data for ultra light weight, conformal propellant tanks. 
Potential Value/Benefits: 

a. Flexible, short, high performance, and low cost rocket engine 
developed for a wide range of Air Force missions. 
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b Low flow rate puap technology for possible use In space platfona. 
Space Shuttle, orbit thruster, tactical Missiles, as well as Space 
Cruiser. 


Schedule Estlaate: 

Start 

CoMpletlon 
Key Phases 

a. Study Oef Initlon 

b. Systea Oevelopaent 

c. Systea Production 

d. Flight Test Operations 

Nuriter of Flights 

Schedule Sensitivity 


1964 or later 
60 Months ATP 

6 Months 
24 aonths 
12 aonths (1) 

18 Months 
6 

None. The basic thruster and 
turbopuap technology Is on-going 
at Aerojet TechSysteas. 


Task-subject Categories: 

(Please Identify those relevant and clarify where helpful) 


Nan-ln-space 
Internal payloads 
External payloads 

TT~ Vehicular systea/subsystea/coaponents 
Controls/dlsplays 
Life support 

T~~ Aerotheraodynaalcs 

T” Materials 

Structures 

* Space operations 

Flight support 
Flight control/coannd 
Launch 
Recovery 

T*~ Phenoaenology 

Other ... Endo-ataospherlc operation; synergistic aero- 
Maneuvering 


(1) This phase overlaps developaent and flight test operation 
for effective 24 aonth production period. 

10. Flight Profile or Paraaeter During the Experiaent: 

a. Synergistic plane and orbit altitude changes 

b. Sea level and high endo-ataospherlc operation 

11. Any Critical or Unusual Handling/Support Requireaents: 

None. The PCE will be designed to survive Space Shuttle and ELV 
launch enviro n a a nts. 
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13. 


Coamts relative to doing task elthout the STM research vehicle: 

Svnerelstlc plane changes and controlled reentries can only be accoo* 
pllshed with the STM research or other egulvatent vehicle, the 
research could be accoapHshed aost econoalcally with STM since any 
other free flying platfora would have to return to the Shuttle for 
return to earth. 

Task Description: 


a. 


PluQ Cluster Engine (PCE) Module Scarfed Nozzles 

The existing bell nozales on each of the 188 IbF PCE aodules 
were designed for vacuua operation of the Spaceplane. For near 
optlaua operation at various altitudes and ai*1ent pressures, 
these nozzles will be replaced with scarfed nozzles. At 100 psia 
chaaber pressure, the nozzles will be scarfed froa an area ratio 
of approxiaately 3.5 to the exit plane. 


The resulting PCE will operate at all altitudes without 
unstable nozzle flow separation which could structurally daaage 
or destroy the aodules and PCE. Additionally the use of unscarfed 
nozzles would result In per f ora anc e penalties during any non- 
optlaua altitude operation. At soa level the 
vide optlaua flow expansion resulting In aaxlaua PCE thrust.^ At 
higher altitudes flow expansion will slso occur on P'“9 
surface, foraed by the scarfed nozzles, providing additional thrust. 
At a sufficiently high altitude, recirculation of aodule exhaust 
oases on the plug base will provide additional thrust. Total PCE 
thrust at aid and high altitudes can be further Increased, at a 
slight sea level thrust penalty, by tilting the aodules towards 
the vehicle centerline. 


The scarfed nozzles will be structurally supported by the 
aodule thrust chanter, of which the nozzle Is an Integral part, 
and the plug. 

5 , Pm» Fed Operation With External Tanks 

Low thrust operation with high total lapulse requires a 
puiD fed propulsion systea. A pressure fed systea would require 
unacceptably heavy propellant tanks. This requlreaent can be aet 
on the Spaceplane by the use of externally attached conforaal 
oropellant tanks with Integral electric aotor driven propellant 
ptass. The Spaceplane vehicle would provide the electrical power 
and/or electrical on-off signal to operate the puap aotors. The 
DUBS, aotors and electrical power supply If included In the 
tank assetely, would provide propellant flowrates adequate for 
operation of 2 to 4 of the PCE aodules. The developaent of low 
flowrate, low head rise puaps Is currently underway at Aerojet 
TechSysteas Coapany. 
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The use of these externally attached tank/notor/puap 
asseablles will require structural, fluid (propellant) and 
electrical interfaces with the Spaceplane. 

A surface tension type propellant acquisition device can 
be used in the external tanks since only low G operation will 
be experienced during propellant expulsion from these tanks. 

The difference between the internal and external tank 
pressures will enable propellant transfer from the internal to 
the external tanks. The reverse transfer can be done with the 
external tank pumps. 


RO.a«l0ai.8eiMKCelafadon306*t0>2 (303)441-4000 TWX 9KM40-3241 1toi4S«0S CwmSAMEC 


13 Nirch 1984 
86800-84.059 


DCS Corporation 
1055 N. Fairfax Street 
Alexandria. VA 22314 


Dear F.H. Redding, Jr.: 

Ball Aerospace Systens Division Is pleased to participate In your 
search for research and technology tasks suited to the Space Cruiser. 
Enclosed please find descriptions of our reconaended program. Tw 
of the write-ups present aethods of detecting nuclear materials on 
foreign spacecraft (Space Treaty verification). Another describes 
some phenomenology measurements of Interest tothe 8N0 comminity and 
the last describes an application to satellite repair -'In particular, 
the replenishment of cryogenic fluids. This last Is of obvious In- 
terest to the IRAS program but also should be of Interest to potential 
military programs. 

Our reading of your request Is that you are looking for relatively 
near-term applications that benefit U.S. research and technology 
program. For this reason, we have attempted to keep our Imginatlons 
from running too wild. (As I am sure you must have detemlned for 
yourself, the STAR vehicle Inspires some fairly fantastic Ideas.) He 
feel that all of our suggested tasks are near-term and practical. 

We hope that these tasks help you In your efforts. Please feel free 
to contact us If you have any questions. 


Yours truly. 



Gerald 0. Godden, Director 
Defense System 


P.S. If you have any promotional mteiials on the Space Cruiser 
such as artist's conceptions, we would appreciate receiving some. It 
would be useful In keeping the Cruiser In our minds and In stimulating 
thought on future projects. 


GOG/ER/chb 
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3.Liaaont or. Garxy Ooddn 


4. BwftcinrY Qttagorlwi MiUtaiy, Gowneieant 

5. Brief Task OMerj^ient Xnipactian cf we«),Iitaa for ths nrmnn of 
nuelMT naterials ly thanoal iaagieg. 


6.Rqr RMulta DMiradt Rnwladga of tha anount. distrilsutlan mA ooe«tiaI 
UM of nuelMT natarlals ontaatd a fbcai^i ■f iiifi 

T.Poeantial vaiuat This peovidas a maUnd of warifirina tha 1967 
Ttaaty that tannad tha pr aa wm a of luclaar — r^na ia aaaes. Skoa 
tha atriet nllitaty visapaiat, ttiis is a aathod of ‘r*'*'rr*”n 
fldlitaxy ia ta llig i n oa £br salactiag MXr hl;|i priority taxgats. 
xa additiea, this sansor wtU allow dstacBdmtioa^ 

«*Mthar a ipai;rixaiia xaaotor is opatatiag or donaat. 


AflauibUity 
ia about thcss yaars. Ths iaficara 
sifldlar to curxaot ndlitacy ILXR 
and fooal plana would bo ths ajar 


could bo 
oould bo 


listed 


daoi 9 i dri' 


9»7tek wbjact oatsgorlsst nan in apaoa« intarnal piyloads* aooa 
oporatlons fli^ oaotrol/ocBnand, ate 

10. FU^it Pxoftlsi Tha bpaoo cxuiasr hitvo to naaauwar 
^ts cloaa to ths taxga satSUits. A xaaspa of lass than om 
kilonabor would ba doolratelo. Ilalotlva 

haua to bo kapt to a nttnlman %liilo tha taxgot uas obasrvad* 

11. Qrltieal Hateling/atyport cagoisanntst Nona 


12. abnants on doinp task without SDKt Altteu^ this ndasion 

ia prine^ls, bs p ar ftwi i i l ^ an ind s p a nd a nt aatalUts, tha Bsoauvstabillty 
a te saa-ia -tew lo^ oparatioa aSha tte uaa of tha spaoo milaar 
an o wanfi s lten g aduntaga. Tte xandaswoua with tte taroot aatallits will 
ba 9 tits d iffl a ilt . Tte xsaetion tioa of tte pilot oan telow tuxy 

Ih additian« ths pilot oaa atea doeisicna about ths goalie of tha 
If ha da t s tB d n as teat a dif teant tesw would bring in nocs 
ha will ba abls to aoBauuor to a diffteant look «tgla. 

13. 


libla to 


>r waapOD aaaad oabitiag platfoni would ba a gnaws 
cf tea ttaitsd States* Only if audi tii«» aw*— 
and thsir locations txatete otesfiOly. SSdSbs 
surly tetaiag. nr teio naason ths oaitad States 
nstxats tha ability to dateet ate idaoti^ auCh 
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pUtten. Even though wch p u tfa— an outlMd ty tha 1967 Outar 
Spaoa ftaaty* tcaatiaa and aj^anaaBta an uaalan i£ no nnna of 
vacifieBtiaB an nailAla. 

tlpon dataetioB of tha laundh of « aa t alll ta tSiat wild ba ov>bla 
of o3inaal1nt| taxgatnia nuclaar mpona, atandart infcalUga» 
tacSnlquM %oild ba asployad in an afftxt to datandna aatalllta 
mission, zf thaaa tadsiiqaaa fiailad to datamdna tiia purpoas of ti:a 
aatalllta and indleatad that it could ba an oalilting 
platfon* than a pacific mlaaicn uaing tha Stm vahicla ba 
laundMd in oedar to invaatigata diia poaalbili^* 

tha afycoadi aiglatnad in thia lattar uaaa a tiit— i 
ayatas to viatf tha spatial atxuetun of a "boat priat-thraug|k iaaigo”. 
tha nathod of oparation would ba that tha ctuiaar sanauvar eloaa 
to Urn targat aatalllta. tha payload bay oovar wild than opan «d 
tlia infrand talaaoopa wild view tha targat. tha XR pletun %«ild ba 
takan and Obaarvad in naar nal-tina by dw pilot. Zf naoaaaaty, Urn 
pilot could rvanawar for iapeovad inagaty. 

Aetlva nuclaar nacton and nuclaar ax« 

aouroaa of haat (lO'a to lOOO'a of %atta). a — la 

acaathing of a doaod ayatao, thla haat nuat ba diaaipabad. tha aeat 
practical oathod ia radiatlaa cooling in tha nalg^tathood of tha haat 
aouroa. (thia oould ba avoidad by aaploying a ra orad cxyogan* but it 
w ild aigaificantly laatrict tha vahiela lifiatiaa). thia 
haat pcoduoaa a aignlfioant dianga in tha inficarad ai^atura of tha 
aatalllta which ia dataetabla by an ZR sanaor. 

tha thannal icaging ayatam racpiind is idthin tha 
stata-of-ths-art. Zn ordar to aaa tha "print through” pM 

tanpacatusa aansitivity of tha aanaor wild hava to ba on tiis ordar of 
.05 K. Ba cauaa the targK would ban a tanpacatun zanga of 
2S0K-40QK* dM standard thaml infbazad band (7'>14 mierans) wild ba 
apptoprlnta. Zn ordar to gat adaguata raaoluticn of tha aatalllta at 
a kllonatar standoff tango, dia apartura wild hava to ba on tha ordar 
of half a natar in diaaatar. With good ZR dotectora, thia ^artuza 
would prwida aufficiant ooUocting araa to provida oUT i nt a to 

noiaa ratio. 

R nnjor ocnoidaratlon in tha dasi^i of this aanaor would ba the 
dynaadc ranga zaguizad. Bacauaa tha taaparatuta could vary ovar a 
factor of two and a zaaolution of .05 dagtaao is daairad, tha dpaamic 
ranga wild haam to ha huai atm »hr«Msnr< amt 

ad^ pcovida a diallanga for 00) d at a ct ora. Oiscrata dataetots 
ha naoassazy. this datactor array wild not, houavar, ba tha 

tachnology. tha othar araa that would ba affaetad ia that of 
ianga/si^aal pcoosssing. this dynoaie ranga is ««U bayond ttiat 
u a sabla by an opazator. • {.a il aaaliij ba zoqiuizad to 

unoofuar tha infomtion daairad by tha oparabor. this lot 
particularly push tiis atata of ttia art. 
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5. Hcl*f IMfc OMcriptiflnt ^ 

noeiMr «*t«lal* ty *-tay ^ ^ ««W 

6 Mr BMUlts 0Mir«d* ttculrdlgi of th« aanat, dlrtettutim and potaotinl 
ilrSflSSIr MtarlaU otosatd a ta«i9» ip««aft. 


•» n I inritti v^uat Thin iKorldaa a nathod of varlfyin g tt>a 1 96 7 Oit ar ^paoa 
Sr£S^.£^^!ii*5«rail. u . 1.0 . tiled o t amyl og 

8.»Sitlo »ltot A dtUimtsf i«ogt ^ 

m att tooal plana inatnaant. 

oMogott. BB to to*. totJt turtot. ot«too. 

oonttol/oomndt itiotology tod tatAUgto* 

«A omfilttt *Bm a ra ^ ctuiaar %oiId haiwa to manaavar qpita eloaa 

SiiS.TStotito tte. wild If to 0 . topt to 

a Whila tha targat ms oboarvad. 

11 Midlina/auneott raquirananta* B a c a iia a tha c roia ar v«ould hataa to 

iJ;gS'Slp**S^a 3 ^ 

SS 3 SS’^£.SS^'- 3 :-?«SSd 1 ^ 

12.0^ . 

toUlto oil! *• fltoto iHffl oi lt . Hi o tott . ■_ 

STifStoS Sto fSftot «lw wimttog totjl^otttai, 
thm ha will ha atola to nanauvar to a difteant loefc angla. 

13.TaSlc Daacriptiont 

^ itooiti -.fiBBo* mi — ^itLinq pUifrfom MoW ha a gtatva 

JSSiSatehaMaoaarlyi-aniing. fbr this taaaon tha llaltad Stataa 
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«tf <l w a » jtr*f th> AiUty to difeoet and Irtwt Uy Midi 
ima mth pUUboo m niMa w rt ty tte 1967 Outer 

txHtite and agsMOtete aro oMlaao if no anna of 
terif tent Lai am araoilAlo. 


Qjpaa datection of tha launch of a aateUite teat would ba 
at onni^ltmj taigatabla iMclaar wMvana, ataadatd inteUlgBiea , 
tadiLiyaa %«3uld ba onployod in an a f fior t to '***••*"*"» tea aatellite 
niaalBn. if thaaa tachniqoaa fhllad to datanalna tha puepoao of tea 
aatellite and indicated teat it oould ba an oebiting 
platfoKU, than a pacific miaaian uaing tea sm ateicla ba 
launehad in oedar to invaati^ata teia poaajbility. 

Iha appeoate daa e rl bad in teia latter uaaa x-ray and low gaana 
rqr im a gin g to pcoduoa in f ona a t ioo about tea tgpm, quanti^ and 
diatribution of fiaalonabla ntariala on board tea tezgat aatellite. 

*e tiva auela ar ra acteca and nieUar iiailiaBila ara aiyiificant 
*3ULxa a of X and ^anany o mia a i o na . fl a ra i i a a of «Might liadtationa. 
it ia iagxactioal to conylately ihiald auch davloaa. Vf m tea 
aadaaianB an availabla fbr analyaia. Tha anaegy opaetzua iidicataa 
teat fi aa l o n abla natteial ia on board. Tha diatributian of tea 
aatteial «dll datemina idtatear tea davioa ia a raaetor or 


boon danaateat^^^ * Icaging raontly 

teia application dm to ita light aSgSTand rebtetxM^ 
i i iugin g proportional counter could act aa tea aetiva 
dataetor. (X-ray fibs might alao hava advantagoo) . 

BDalininary caloulationa indicate that* for ««Vr nita to 

noiaa, tea ar pariman t would hava to integrata ovar tiaa parieda on tea 
oedar of ndnut aa if tea atandoff ranga waa ona kUomtar. Tha 
technical drivar of teia ^atam would bo tea apotial raaolution 
ateiavablo by a larga ana proportional counter. 

Then an otear nuelaor dotoctlon nnthoda teat mi^ ba taed. 

Qam coul d anviaion ejecting a radioactiva aatarial teat 
characterized g m n aa zaya fren tha ccuiaar bofon flying by tea target 
eataUite. Tm aouroo voild pan on ona aida of tea target am tee 
cruiaar* eq uipp e d with an array of gmana dateeton* would pan on tea 
other. A gmm. abaorption iim^ oould than ba built up. The 
diatribution of hi^ Z naterlala oould ten bo derived. Ihia ia a 
a e n eaf t teat n ban named GRZDS (Gaanat Ihy image Uaplay syatem). It 
hn bean ex pl a in ed in detail for a ground baaed application in aa 
internal ooapeiy proprietary report nuabar IXMip-ai.Oll. 

One extanaion of teia idn ia teat* if tee aatellite wan 
s p inning * tee iaage oould ba built qp aiadlar to a oceputarizad axial 
tcBognihy (CRT) aoan. Thia oould* in principle* pcoduoa a full 3 
dimanaicnal image of tha internal etzuctun of tea aatellite. 
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OM fiatl ttdaiqM ttet w ooMiteiid is to um ewttai 
to 9 iDmto tai^ ii wP Bf ny sl^iotooM* &i 

ooBOiVt* a aoill qaaoti^ of CS-2S2 is dtpooitad on t3io targat 
ariiiela in vidnity of tha aua p a fft a d vtthaad. .^IhU ntinrial 
!■ activation of tha tadioaetiva natarlal. lha 
taaolting gnnt vdaaian aooLd hava distinct ^ ac tt a dqnnrHng on viiat 
tlia aaa. this aould ba appacially oaafiil in 

dlMKniii9 %wctiMdto fican- siflulAttra# 
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T.COtantial VUuet Maaauranants of Uda tygm could ba of aary hi#i valua 
to tha national datena and tba EHD oowaaiity. 


*r* 




8 






8 




O 


c 




8.SdMdula Batioatat TSD 
9.tMk-aid>jact catagoriaat 


OMncaanology 
EM> Diacrisdnatian 

10.FIi^t Ftofilat EMUSr RB^OEier 

U.Qd.tical Buidling/aK'nport 

12. 


. »X5 


on doing tadc %dthaot SEMlt 
Sudi oould ba dona by tadaiiquaa othar than 

tha uaa of tha STMt vatoicla. but %icald raqtiiia a dadica t a d m taa i o n 
to do so. Ey uaing tha SEMI vachicla. Oia daaixad oba a r v a t iona can 
ba mda during tha daad tina bacxaan cthar ndsalana and ba of lowar 

U.taak Daacriptiont 

OBBEBSmnaSB op bow shock lUOXiffZVB OOS8ICNS 


A ttcpixmmA axiata «iithin tha national b a lli at i c 

dafanaa ccanaiiQr for igpoovad and nora affaetiva 
dlacriminatian o^eMlitiao in Idanti^fing aiid targating balliatic 
vahiclaa. Pm bottar daocya and panatration aida are 
for diacriadnation bae owa nora stringant. 


Moat ourrantly 


optical sigoatuma ara darivad 
lha radtatlcn aadttad U doa to tha bulk 
of tha aadtting natarlal. %hathar it ia tha RP body or tiia 
in tha boundary and anha of tha RP. 

indicntaa 


hot 


Urn raoantly obaar v ad ahuttla glow 
that flpttc^l ai g iatur a a firen naar aarth orbit bodiaa 
by noD^thamal machaniaBa. Topically* non^ithBri 

%««alangtha ihiA nto it poaaibia to daaipt 
withaut loaa of aignal. 
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Bottk thB and noD-«hnnl utMioM frem tte tev shade of 

atA •tortdtal to M m ham an aww i n a d potantial foe GM> 
tha srJR I’ aaaa rrti , vaiiicla (SIW-RV) is an anosllant 
to *—-*"• bow abode amisaiana. It can tas usad both as an 
, and as a taegat. Tha STAR-W itaslf baa tha 

of a Mohaad zaantxy lahiela. It could ba used 

as a taegat to bo oboatvad by ahuttla-bocna aanaon, by sonaors aboaxd 
a SEMl-av or avan by sanaoca being aalf-caxrled. 


Both ^atially and ap«ctrally zaaolvad aaaauranants arm 
raconaandadj OTwarlng tha spactral ragion firan about 100 tm to the 
short wave infrared. Star dw maasuraBanta r a rna i a i iilad hera, initial 
aRCbasia ba on tha visible and UV spactral ragiens b a c a iiaa 

these regions have a high potential to pccduoa non-thamal signals 
that ba diacrininatory. Spatial resolution dnuld be a faa 
oantimatars; ^actral raaolution initially dmld ba a faa Aagstrona. 

aboarvationa of port lone of tha bow abode radiation, 
spectral signturas. can bo nada by Mnaora on board the 
target vahiela itself, without disturbing tha boundary layer flow 
pattema. Ihaae naBauranaots would ba made by looking tiiragfi 
fOrward-looleing low profile windawa. Dixaet oboarvation of tha 
staaiation ragion in the f bon t of Am adiiela «dll naeaoaarlly ratpiira 
aanaocB on other vehicles, sudi as a oonanim STHR-SV. Both tj/smm of 
aa^eriaanta are naadod and raooBaandad. 


MHSuraBants of this typa are bast nada with an inaging 
ipactronstar. \diidi uaas a 2«diioBnaional detactor array to oollact 
spactral and spatial data simsltanacusly. BA6D is currently 
pliTwwrinq t^«» g t« g apactronetar design fOr cdlltary applicntl qna a nd 
should be involved in all aspects of a p ro gram of this ^flpa. fraa 
ndasion planning to data analysis. 
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CR. G. D. aOCDEB 


BBEFIOJIfOr OffBOORlES: MELIEMr. QSmiataS, rnnSHKnONK.* 

SCIE8CB. TBCBHObOGSr 

BRlff TMK CESOapnOHi Qn-octiLt tVfisbijilnRt of 

i n opw at iv ntollitas, 
s p o rt f i e ally, suporfluid hslins 
etyopMi nplsBiOtaBant of th« 

Xnfirasod Mtr o nanle a l SstoUits 

joac BESDUS tESlREDs Rxtsfulsrt opsratlansl Ufstios of tho 

IXR/FOL sntwiy imtiUMnt 

POnORIA VXjOB/BENEElISt A»thsr IRIIS will not tm IsuadMd* 

a cxyopm xaplnistawt «dll allow 
HWS to cptaf psrform 

nors aurvoy vock* talos spoctxa of 
iutarasting objoM* and pcovlda 
tin Marisblli^ intention* 

SOIEDUIE ESTXMfflES: ths cryogaa raplsnithBant aftect oould 

start aiy tin; it would rsqoirs on 
fli^it, it is rsasonably schsdals in- 
ssnsitiva; but it would roquixs a naar 
polar ocbit. 

TMR>SUB3ECP CREBClORlESt Nn-in ^aoa« attarnal payloads* 

aparatioRS. 


ELKHT FBQRXEt Tha Space CTuisar oKtoit %<ottld haws to natch 
tea SMB 900 lOB altituda, 99 dagxaa iz»U« 
nation* naar polar orbit to achiava ct y ogan 
txanafar. 

HMnJHB/SDPPORr BEQUHSiefESt actacnal aivacfluid iMlium 

siatad 


llnaa as« zaqoiraA. 


axtens cn •osk winKXjr soRt ihis on-orbit of 

liquid balim cr y apn to IMS 


is prObtely iapractical by 
aiy otear aa an . 2SII6* polar 
orbit is dtfflenlt* if not 
iapoasibla* ter SEB to 


and an EVR to 


B-59 


CN oBBir sxraLZiB RBSisBzsaefr 




Sawwal typas of r ee it aarth OEbiting actifieial aatallitas 
hawa b ac qw a i n opa rat iva for a of raaaana audi aat 

alactrical failuras ( Solar HaxianR Mtaaicn ) ; layload Jtaaiat 
Motor falluraaT and cry ogt diplation (Atfrarad 
SatalUta). Mny of ttaaaa aatallltaa %Mra not iKljnart for 
rapair on orbit» or for ratura to tha Staittla for rapair* or 
for ratura to aarth for repair. IlMy nay ba Bpia atiblliaad 
craft no provision for da s p inning or thay nay not bava 
attach points awatiabla at all or floapatibla alth SIS 
atpiipaant. *Sia pcoblna is how to got thaaa inatruoants tack 
into oparation* aoonoBdcally. 

SCUmONs 

<Ihs “Spaoa Qniisar* could ta uaad to tagaix or tafurbiSh 
qpacif ie ^ aoa cr aft or instnnants aiUnr ty visiting tha 
apaooeraft an‘1 aarvlcing it oi tha ip a caeraf t ocbit or ty 
attadiing to tha apaoacraft and ratisning it to tha SR. 

Aftar aarvlcing by tha SR, the Bps o scr a ft can than ba 
rat um a d to its original orbit or plaoad into orbit 

by tha ^paoa cruiaar. Tha apaoa cruiaar could adiisva orbits 
not availabls to tha Shuttle. Mao, the pilot of ttia 
apaoaplana coul d p a rtotm the ocaplsK orbital watching and 
attachoant nanauvna in real tins %dth faadback. Iha 

pilot is also avaiiabla for axtra-vSiicular activity, as 
raquirad, for aarvlcing the dwnagad or inoperativa 
apaoacraft. 


A g pa cif l c aracpla of this satallita rafurbiataant ***«-t* 
voild ba to use tha space cruiaor to raplsniah the daplatad 
liqjid hslitsB cc y ogan avQply on tita Infaar a d Astrananleal 
Satallita (IBM). IBM was a survty iiwtnaianr in tha Long 
Mava xnfrarad (XMIR) to Ehr Xnficarad (FXR) with options for 
IMIB ty ac tr oa c epy and artandad pointed obaarvations. It 
p a rf o riiMd adnixably for 10 wonttis before its 
halina cryogm si^ly at about 1 .SK rm out and tha systna 
««mad 19 to near anhiant tawparaturas and i». 

oparatlva. 

Iha liquid haliun or y ogan npla nUh a t would ra^taliaa tha 
IBM inatruBant and would tanafit tha world's astxononical 
cfaairrtty. Ho next Annrlcan infirarad orbiting 

inatnsnnt %rith sanaltivity graatar t han IB M «dll ba tha 
Shuttle Safrarad taiaaoopa ndlity (SXBSf) but that aiyatan 
twill not fly until tha ndd 1990*s at tha aarliaat, if at all. 
Iha original miaaion lifatlwa far IBM %«s about 12 
and it lastad only 10 oonaio b af ora its *Wly t«s 
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Mtaiatid. It maid bs'adMntagnus to aany iwwly 

dlaeoipnA XUI8 tataem 9 fttK aeat d th* sut^ dtta 
1m hma doM. A — oo n d look far 
and oivwdid study in a nocu rUUaMd tim ftm ebnld bu Vacy 
pEoductiva. Hm Luaurrartadl XMB could par f ocB a aara 
oaqpista aigr ourvay* pocten naea ^octznacapie labaawaftma 
of aalaetad Cbjaeta, purfoam aany oora ineraaaad aaaaitivlty 
pointadl obaacwtiana or irini ■oifvwya and# particulvly. 

Obtain infl a wit on on lairiablli^ of Hia nou aauooaa 
illanniapaa by XMB uith a tiaa boaa of a a w a c al ynts radiar 
than tdtii a baM of odnubaa, bom* or a far aaotha. IMS 
could alao parfoa aaoB of tha odaoioa gnala of SXBZF. XMB 
orlBlaally aas an inbomaticnal affiart aoung tba 
Sfeataa* tha Hatharlanda* and tha Ubltad KiiigdaB* ao tha 
paaurtactlon of IBM mild pcobably ba an inbamational 
aff ac t alao* 

JmOMHt 

lha appr o ach «hlCh aa prafar at thia tion, uaaa tha Spaoa 
Qniiaar itaalf to rap lan ta h XMB* ctyogan aiiply. Ih thia 
aoanario* Him fpaoa Qniiaar ia laondiad via SIS* piCha <9 tha 
atsap on ligaid haliw ct y agi tanka tern tha amttla b^ 
along «dth Qia tagiiitad ligaid holiaa ttanaf ar linaa and 
alaetconie intacfaoa oo nn a et or and than Cbangaa ocbita to 
natch tha 99 da gra a Inclination XMB 900 taa oabit and 
parfoma a candacwoua %dth XBRB* lha nannad a^aet of Hm 
Spaca Qniiaar ia daftnitaly an aaaat in thia and it 

ia oartainly poaaibla that tha XMB ecyogm caftshiahaant 
oould not ba parfnnn a d by a taaetaly oontiolLad un a a nn ad 
vahicla. Aftar candaawoua* tha pUot parflonna an ERA thaca 
ha saaDwaa a saadily a c caa ai bla oovar ahiCh than alloMa oa^ 
aooaaa to XRM* haliOB fill and wt lina ba y ona t ooonac t ora 
and tha alaetrioal oo nn a etor vhiCh oontcola tha ccyoganie 
valva oparation* Ba a tt a dm tha aloctxonic oonttOL panel 
and liQ^ haliii fill and vant linaa and tha aaacutae Ota 
pcooadm to bagln taanafarring liquid haliia fireai tha Spaca 
Qniiaar tanka into tha XMB anin ocyogan tank. Ha aatiaata* 
fron praviflUB ground baaad and iiMcbit oMwianoa. to cool 
tha XRM* eptiea* dataetor a * and min ecyogan tank flpom its 
orbital aahiant tmpacatura ( about 13GK) to aupacflnid 
haliiaa (BfBa) taaparatuBa (about 2K) uaii^ oOLd haliini 
blowoff gaa and liquid haliiai mild caqpiica 30 to 40 hours. 

Ha mild alao prafar to £LU XRM aith a^parfluid haUaa 
rathar Qian aith nomal liquid haliua ao as can thha 
advantaga of tha ineraaaad cooling oapaeity of a full tank of 
Sffia for an ineraaaad oparational Ufatiaa. Xf XRM* tarics 
aara fillad «iith nomal halitaaahidi aas than vaatad to ooed. 
to flUDUftlUA A 7 UDDtll iaamml 

lifstiBB aould bo aChiawobla ihacaaa a nyarfluld fill %oild 
swills in 90 wtiMtnd 10 n en th liflBtinma 

Aftar ctyogan rqplaniahnant* tha pilot xatuna tha ccyoganie 
aanifbld and mlvaa to tha oparational 
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nfeiflCM to tlM i)pi|w .Ori^hp* toin .toBBtoB- oitoto to 
CTtig a to.«Hrto,.iai:«^ tte «tor''te.«jil^^.t^^ on '. - 
taahi ato'totoia^ 

Tte ■iiliiiiiii siqiaixad to to evriad ty 
ton SES to nils tould fill m totliMtto 1000 tobie foot 
volun of toout 10 ft* tff 10 ft* tgf 10 ft* ia — tonwl strip 
on toyloid ato would cotoiit of fill ato unt oomactlon 
liaiaa* aUctroole oontrol pnH anl oanMetoca. and about 
2000 of 1 balin* 


SOMMQTt 

Wa latva pcaaitad a uon i wpi tor on orbit rasair and 
tatocblrtmt of Inop—tlaa aatalUtn ty toa Ipaoa Qniia«r* 
la a iry***1** mtola* %• bUliva that ooMlblt rtoliBitontot 
of tfaa daptoM^£^ Utoronoadeal SatoUita (»IIB)1J^^ 
holiun orsopM pf toa:lpaoa Qniiiar with atrip oa payloads t 
and EVA ty toa pilot , is . toasibla . and dMirtols* . this 
ratotoiStasaat is of pnm astro|tvaioal iatocsst and umi 
to FIR astoonaaioal i nfa srss t tor, toil intsrn a t ioBal prDgtaBu 
tbs Spsn'Qnaisar a pps ar s aaipialy auitad .to.^this sftort dua 
to ths hl^ altituda* hipi inclination ntis orbit not 
adhistobls by tba dhuttls and tte rsqioirwaat foir an EVA to 
psrtomn ths tmtm, liquid haliiai transfer and oontrol, and 
dnnata of toa dpaoa Qniissr to ntlB* 
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TITAN TURBOFUHPGONVERSKM 



The following discussion reviews the apparent functional and environmental 
considerations of converting Titan m T-3W turbopumps from anMent temperature 
propellants to the cryogenic propellants liquid oxygen and liquid propane. Design 
operating conditions (see Table C-1) are used as operating conditions where factors 
concerning performance or stress are concerned. This discusdon is derived from Aerojet 
Tech Systems Memo No. 9735: 057, 9 3Uly 1981 

OOLGOOUBR 

Current oil lubricated turbopump gearboxes employ Aerozine 50 tapped from the 
pump discharge housing as a coolant. Heat transfer takes place in a multipass shell and 
tube heat exchanger that is directly flanged to the oil reservoir. The use of propane 
(-»2PF) would result in unacceptably high viscosities if not freezing of the MIUL-7808 oil. 
If this fuel were to be considered as a coolant, it would have to be wanned elsewhere in 
the eni^ or have its fiow regulated as a function of sensing oil exit temperature in order 
to avoid high viscosity or freezing. 

AUTOGENOUS PRESSURIZATION SYSTEM 

Fuel and oxidizer propellant tanks are pressurized by cooled turbine gas and 
vaporized oxidizer respectiveiy. A change to propane and oxygen would probably 
necessitate the redesign of the hot gas (fuel rich) cooler and oxidizer vaporizer. The 
system is believed to be chemically compatible with cryogenic propellants but may 
rmpiire some bleed-in changes to account for the potential shift from gas to liquid phase 
during start-up. 

GENERAL TEMPERATURE CONSn>ERATIONS 

A change from ambient temperature propellants to cryogenic will necessitate a 
review of part fits and running clearances. The problem wiU probably require a slight 
change to be made where parts of significantly different coefficients of expandon exist 
adjacent to one another. Examples of this are the aiuminum impeUer to gearbox shaft fit, 
stainless steel liners in aluminum parts and impeller clearance. 
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TABLE C-1 


ASSUMED TITAN in TUKBOMACHDfERY OPERATMC OOianONS 


PROPELLANTS 

MTROGEN 

TETRAOXlDe/ 

AEROZINE-50 

OXYGEN/ 

PROPANE 



Nominal Engbis 
Balance Conditions 



TYPE 

FUEL 

(3) 

OX 

(3) 

FUEL 

OX 

Chamber IVessure psla 



870 


Ropeltant 
Temperature ^ 

<0 

60 

.62 

-297 

Nimp Speed rpm 

9,«37 

8,697 

10,716 

9,736 

Floer Rate gpm 

2,*S1 

2,892 

2,310 

3,663 

Head Rise ft 

3,275 

1,738 

6,877 

2,337- 

Suction Pressure psia 

3*(3) 

36(1) 

86(3) 

119(1) 

60(2) 

66(2) 

vapor Rressure psla 

1.S5 

10.2 

13. 

13. 

Power hp 

2,730 

2,306 

2,629 

3,169 

(Q/N) gpm/rpm 

0.237 

0.36 

0.236 

0.363 

NPSH ft 

81 

116 

99 

99 

Fluid Density Ib/ft^ 

36.62 

90.86 

36.3 

71.3 

Oseharge ftessure psia 

1,33« 

1,189 

1,269 

1,221 

Peroent (Q/N)|^ 

100 

100 

91 

106 


(1) Maximum flight values 

CD Minimum required to meet assumed operating conditions at a maximum turbine 
speed of 28y000rpm 

O) Nominal engine balance conditions 
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Urn of cryogenic propellants vill nece ssi tate a review of propeUant b l e ed i n schedule 
and heat tra n sfer phenomena. A portion of fhdd passace waU heat vill be given up to the 
cryogenic propellant as it is Initially bled In, ch a ng i ng it from a subcooled liquid toagM. 
The two phase mixture resulting vill limit weight flow rate to values leas than neat liquid 
«id thus will require longer bleed4n times. Lower density of the vapor raises mixture 
velocities creating greater fluid friction losses. 11 the pressure ratio in the line is 
sufficient, sonic choking of the two phase mixture can occur due to the sonic velocity of a 
mixture being lower than either the liquid or gas sonic velocities alone. 

An additional phenomena is the time to stabilize the turbo machinery temperatures 
to the degree that unsymmetrical parts bind, rub or otherwise cause deviant performance. 
Most sensitive would be close clearance parts such as bearings, seals and thrust balancers. 

VENTING 

Vessels with cryogenic fluids must by definition be vented to the atmosphe r e to keep 
them from overpre s surizing the container. A vessel with a number of small passages vill 
tend to generate vapor due to heat conducted from the warmer outside wail. These small 
pa s y gay may then collect vapor in pockets where perhaps none is desired. Such pockets 
must then be individually vented in addition to the main propellant tank. 

One method to avoid pocket venting is to drculate the cryogenic flidd by a separate 
pump. This may be the main pump, boost pump or a specifically d ed ica t ed circulation 
pump. 

OPF-OESGN PERFORMANCE 

Use of Titan m pumps to meet the pressure flow requ i rement s of an mqrgen/propane 
fueled engine vill require one or more of the pumps and/or turbine to be oper a ted off- 
design. ftossures and flow rates otiier than the originai values will cause the rotors of 
these co m ponen ts to sustain larger radial and/or axial thrusts or pre ss ures than they were 
designed for. To obtain a feel for the magnitude of the per f ormance shift Table C-1 
compares operating conditions of an oxygen/propane flow parameters to the Than First 
Stage XLR-S7-AJ-3 turbopump. A maximum turbine s p e e d of 28,000 rpm was assumed to 
a - fifev T the upper speed capability of the current design. A s peed of 27,300 rpm has been 
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dMnonstrated as possible without cataclysmic failure atthougb some parts were in distress 
as r eported in Aerojet Report 009^P02$>lt 31 Ally 1971. The major areas of ooneem are 
noted briefly in the following paragraphs. 

The potential for mechanical changes may <|uickly be a sses s e d by determining the 
percent deviation from the *^wminal engine balance* (MEM flow rate to speed ratio 
conditions. Operation beyond * 23% of the NEB flow rate to speed ratio can be 
c o n si dered to almost guaran^ that some redesign will be reqtited for structural or 
mechanical reasons in order to obtain tiie same degree of life and/or reliability from the 
turbopump. The pumps for oxygen/propane are less than 10 percen t of NEB flow rate to 
s pe e d ratios. 

The 40 psia suction pressure required for the p rop i e pump is slightly greater thm 
the maximum experienced in the original Tltm n flight service. Should this rail a stress 
problem it ci be easily rectified by increasing the suction barrel wall thldcneati 

The discharge pressure of the oxidizer pump of the oxygen/jpropane en^ne is a few 
peromt over the nominal NEB pressure but would probaUy not cause a stress problem by 
itself. The sub^embient propellant temperatures could cause the aluminum pump housings 
to be defictent In etongation. Howeverf this prob lem might be rectified by a change In 
materials design* heat treatment procedures Or a combination of the three. 

In summary* the pumps adll probably require some changes* however* they are not 
considered major redesign. 

GEARBOX 

The g s a rb o x might require some modification to a ccomod a te the 26 perc it 
additional power required of the oaqrg en pump of the oqfgen/prepane case. We know the 
gear set can take the power short term* but life would have to be confirmed by test for a 
much l on g er duration thi the demonstrated* 193 s econd s (1). 

The gearbox will definitely require some sort of thermal illation from the cryogenic 
propellants. For short durations isolation by low conductivity material ci help reduce 
the heat loss to the colder pumps. Tltm I practice empl^fed the use of electric 
resistance heaters as a heat source for long holding durations. 
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fUlciiNE 

Ihe turbine power re<fiired for the oxygen/propane Is 110 perce n t of deslpu This 
power results in turbine iniet pressures of 600 psia lor an inlet temperature of 2000pR. 
Because this temperature is 110°F less than the original, there is believed to be little 
problem in converting the Titan m turbine. The original Tltw ID turbine inlet deti^i 
pressure is 100 psia. 
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APPENDIXO 

ABBREVIAnONS AND ACRYONYMS 


a 

ACE 

- 

Attitude Control System 

r-' 

AGE 

- 

Aeraspeoe Ground Equipment 


ALV 

- 

Airborne Launch Vehicle 


AMO 

- 

Hendquvters Aerospace Medical Division (APSC) 


AMSr 

- 

Advanced Military Space Technology 


AOTV 

- 

Aerobraidng OTV 

g 

ASO 

- 

Aeronautical Systems Division 

APU 

- 

Auxiliary Power Unit 


ac 

- 

Carbon-Carbon 


CG 

- 

Center of Gravity 


COTV 

- 

Cargo OTV 

* • * 

DARPA 

- 

Defense Advanced Research Projects Agency 

» V 

DOTAE 


Ottignt Development* Test and Engineering 

i 

ONA 

- 

Defense Nuclear Agency 


OoO 

- 

D^iartment of Mense 


ELINT 


Electronic-Intelligence 

> 

EC/LSS 

- 

Environmental Control aid Life Support System 

r 

ELV 

- 

Expendable Launch Vehicle 

k 

EML 

- 

Electromagnetically Launched 

K 

EMP 

- 

Electromagnetic Pilse 

tt 

EMU 

- 

Extravehicular Maneuverability Unit 


EVA 

- 

Extravehicular Activity 

GPE 

- 

Government Furnished Equ^xnent 


GPU 

- 

Global Positioning Satellite 


GX 

- 

Acceleration In the x direction 


HAL 


Conddned system of heads-up <fispiay* voice recognition and synthetis* 

!•*» 



Audio-visual and Logistics 

•V. 

-> 

IRAS 


Infrared Astronomical Satellite 


IM 

- 

poimds force 
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ibin ■ "" 


poundSmajB ~ 

LCC 

- 

Life cycle costs 

UD 


Lift~to-Drag Ratio 

LDEP 

- 

Long Duration Exposure Facility 

LEO 

- 

Lov earth orbit 

LV 

- 

Launch Vdiiele 

MOTV 

- 

Manned OTV 

MRRV 

- 

Maneuvering Reentry Research Vehicle 

MTBF 

- 

Mean-time-betwe« n-f allure 

NEB 

- 

Nominal En|^ Balance 

OMS 

- 

Orbital Maneuvering System 

ORU 

- 

Orbital Replacement Unit 

OTV 

mm 

Orbital Transfer Vehicle 

PCE 

- 

Ph|g-Cluster>Engine 

PHOTINT 

' « 

Photo-bitelligence 

psi 

- 

pounds per square inch 

R&D 

- 

Research and Development 

RMS 


Remote Manipulator System 

ROM 

- 

Rough Order of Magnitude 

SDI 

- 

Strategic Defense Initiative 

SFO 

- 

Space Flight Operations 

SLRV 

- 

Shuttle Launched Research Vehicle 

SP 

- 

Spaceplane 

STAR 

- 

Spaceplane Technology and Research 

STS 

- 

Space Transportation System 

TCA 

- 

Terminal Crossing Angle 

TPS 

mm 

Thermal Protective System 

TSE 

mm 

Testing Support Equipment 

TAV 

- 

Tranaatmospheric Vehicle 
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